Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



f 



ij.iML, Google 



fneiiwarinB 
Litnarv 

TD 
.trUU 



B, Google 



B, Google 



REFUSE DISPOSAL AND POWER 
PRODUCTION 



iiiiMB, Google 



B, Google 



I REFUSE DISPOSAL AND 
POWER PRODUCTION 

BY W^^'^RANCIS GOODRICH 



WITH NINETY-EIGHT 
ILLUSTRATIONS 



WESTMINSTER 
ARCHIBALD CONSTABLE i^ CO LTD 

2 WHITEHALL GARDENS 
'90+ 



itizedbyGOOJ^Ic — 



iiiiMB, Google 



PREFACE 

THE production of power from refuse is essentially a modern 
development, most of the Destructors combined with 
Electricity^ and Sewage Works having been erected within the 
past three years. In the main, this is my explanation for under- 
taking the preparation of this work, which has involved a con- 
siderable amount of labour. Having been responsible for a 
work ' on " Refuse disposal," published rather less than three years 
since, I feel that an explanation is due to the reader. 

It has been my endeavour to place sanitation in the forefront 
as the primary object of the Destructor, and although the power 
derived is such a valuable asset, yet we must recognize the 
Destructor as a sanitary necessity, whether the power can be 
fiUIy utilized or not. 

There can be no doubt that the disposal of refuse by the agency 
of fire has become increasingly interesting to both the lay and 
professional mind by reason of the very satisfactory amount of 
power now produced therefrom. 

This progress will probably not commend itself to the ultra- 
sanitarian, as being altogether satisfactory, and there are some 
who deplore the commercial — or power aspect of the ques- 
tion. They would have refuse destroyed everywhere, whether 
power was available or not. 

Prom a strictly sanitary point of view, their contention is 
correct, but seeing that the most perfect cremation is quite con- 

1 The Bconomie Disposal of Touma' Refuse. Publiahed by P. 8. 
King & Son. WeBtminater, S.W. 
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PREFACE 

sistent -with the production of a considerable amount of power, 
it would be sheer folly to disregard a valuable asset. 

It is common in these days to find the commercial aspect too 
prominent ; with the desire for sanitary improvement there is an 
overbearing anxiety on the part of the lajmian to know whether 
such improvements will pay — or commercially speaking — show 
a profit. 

Jf the councillor is assured tlmt the only benefit accruing will 
be a lower death rate, his sanitary zeal sometimes does not last 
long. If a sweeping sanitary reform is calculated to add a few 
pence to the rates, the erstwhile rabid sanitarian decides that the 
Council rate must be kept down, even if the death rate has to go 
up. 

It is indeed regrettable to think that this attitude may be 
largely attributed to the striking success achieved in some towns 
where Destructors have been employed in connexion with, Sewage 
or Electricity Works ; in the case of the former often saving 
the entire coal bill, and in the latter case materially reducing 
the same. 

The layman too often fails to appreciate the difference between 
two towns, being possessed of the notion that what has been 
done in the case of (A) is equally possible in the case of (B) ; if it 
is not, then he at once exerts his influence against the introduction 
of a Destructor. 

It will be very evident that this is very mischievous, inasmuch 
as the Destructor does not appeal to a man of this type as a 
Destructor — a sanitary sine (foa non, but as a profitable under- 
taking commercially speaking, and so we find that in some towns 
where it is not possible to combine a Destructor with an Electricity 
Works, Sewage Works, or Water Works, the introduction of the 
Destructor is resisted, or at any rate, left severely alone, until 
it cannot be neglected any longer. 

Notwithstanding the splendid progress already made in this 
country, much yet remains to be done. It is, moreover, becoming 
increasingly evident that every shifty method of getting rid of 
filth will have to be abandoned, and that destruction by fire 
will, in course of time, become universal. 
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PREFACE 

Within these pages I have endeavoured to record what progress 
has been made the world over. At the same time special atten- 
tion has been devoted to the modem developments in power 
production and utilization. 

The usefulness of a work of this kind is much enhanced by the 
inclusion of data, tests, and actual working results. For much 
information of this kind readily furnished, I tender my hearty 
thanks to many municipal engineers both at home and abroad. 

Every care has been taken to include authentic or official 
figures only, but in the compilation of so many figures, it is possible 
that mistakes have crept in. Should any such inaccurate f^;ure3 
he detected, I should be pleased to have the same brought under 
my notice for future correction. 

In endeavouring to treat the subject comprehensively it 
has been necessary to discuss several matters which are highly 
controversial ; in so doing, it has been my aim to discuss prin- 
ciples rather than makes, and to avoid invidious comparison. 

It is hoped at this time,when the question of final and sanitary 
refuse disposal and power production is engaging the attention 
of so many authorities at home and abroad, that this work will 
be found of service. 

W. FRANCIS GOODRICH. 
" Glbmlba," 
Watford. 
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chapter I 

INTRODUCTORY 

REFUSE Destructors may be divided into three distinct classes. 
(1) The original type of low temperature and slow combustion 
cells, with which little if any use was made of the escaping gases 
for power production. (2) Destructors provided with artificial 
draught and therefore more efficient aa Destructors by reason of 
the higher temperature obtained, and greater desti-oying capacity, 
but which only provide power for works purposes or clinker 
utilization, and (3) Destructors of modem types providing the 
maximum amount of power available from the refuse — 

(A) For the generation of Klectricity, cither for Lighting or 

Traction purposes, or both. 

(B) For Pumping Sewage. 

{€) For Pumping Town's Water. 

(D) For Gas Works or other Municipal purposes, for which 
power is required. 

Destructors which may be placed in this class differ essentially 
from those previously mentioned inasmuch as the available 
power represents an actual economic gain, as any alternative 
source of power supply would involve a definite expenditure ; and 
as will be seen in many instances a coal bill has either been entirely 
saved or materially reduced. It will thus be clear that such 
Destructors should be considered as being in a class distinct 
altogether from others. 

Under each town each installation will be briefly dealt with. 
Destructors under classes Nos. 1 and 2 can scarcely be treated with 
as Power Destructors, seeing that in almost every case the limita- 
tions are such that only a portion of the available power is utilized. 
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REFUSE DISPOSAL AND POWER PRODUCTIOK 

Again that portion which ia so utilizi-d is only turned to such 
aocount owing to the provision of the Destructor, that is, the 
power would not be required unless the Deetructor had been 
installed. 

At the same time although such utilization of power does 
not effect any actual saving in the shape of a coal bill, yet it is 
eminently useful, because when a plant for the complete utilization 
of clinker is installed the power which would otherwise go to waste, 
by operating clinker screening and crushing plant, mortar mills 
and clinker brickmaking plant enables the clinker products to be 
sold at reasonable prices, yielding a useful return to be set against 
capital and standing charges. 

In this way, as will be observed in the case of Bolton, a material 
reduction may be effected in the actual cost of destruction. It 
will thus be seen tluit under given favourable circumstances the 
deRtructor which cannot be placed under the category of Power 
Destructors is yet often of remarkable economic value to a 
community. 

It would be unjust to makers of Destructors who have erected 
many such plants, and misleading to the reader, were this not made 
perfectly clear. Under favourable circumstances it is possible 
for such Destructors to be operated without any loss — that ia, the 
sale of clinker and cUnker products alone may suffice to meet all 
capital and standing charges. 

Much has already been accomplished in the way of clinker 
utilization, but a great deal yet remains to be done, and where 
circumstances warrant we shall undoubtedly see remarkable 
developments in the utilization of cUnker. What is heii^ done 
in the various installations will be found recorded, and, in addition, 
a special chapter has been included in which some of the most 
recent and interesting developments are dealt with and illustrated. 
At this stage therefore further reference to the matter would be 
superfluous. 

With the early type of Destructor of the low temperature, 
slow combustion type, boilers were but rarely installed and no 
attempt whatever was made to develop power. The low temper- 
ature gases were useless for steam-raising purposes, very frequently 



tyGooj^le 



INTRODUCTORY 

not being sufEoiently high in temperature to avoid nuiaanoe. 

The residuum or clinker was soft and objectionable, having 
no commercial value, it being impossible to produce a good 
serviceable vitreous clinker unless a high temperature be reached 
and maintained in the cell. 

As the late Mr. Alfred Fryer stated in a lecture at the Sanitary 
Institute in 1887, the public prejudicB against the adoption of 
Destructors has been so strong that it was a marvel that the 
earliest destructors were ever erected. 

Even in these days very serious and determined opposition is 
met with at times, in spite of the fact that the modem Destructor, 
carefully designed and properly operated, is absolutely free from 
nuisance. 

With the early Destructors there was doubtless just cause for 
complaint : the design was weak, and an even reasonably high 
temperattire was never reached. That noxious fumes did escape 
from the chimney is quite certain, and there is every reason to 
suppose that at times quantities of very offensive dust also were 
discharged. 

The first serious attempt to prevent the escape of noxious 
fumes from the chimney was the fume cremator patented by 
Mr. Charles Jones, M.I.C.E., of Ealing, in 1886 (Patent No. 8,090). 
The cremator may be briefly described as a secondary fire or fires 
arranged in the main fiue in such a position that the whole volume 
of low temperature gases after leaving the cells must pass over 
the active cremator fire of coke or other fuel, and imder the con- 
cave side of a firebrick arch placed over the fire. 

That the Jones' Cremator was useful is a matter of history, 
the escaping gases were to a large extent deodorized, but the 
cost of this secondary fire was in many cases found to bo quite 
prohibitive, materially adding to the cost of destruction. 

Mr. Jones' timely invention helped, however, to silence oppo- 
sition, to quote the inventor's own statement : " You must 
speak well of the bridge which carries safely over." The cremator 
certainly had the effect of bridging over the period between low 
temperature and high temperature working. 

It will be evident that a secondary fire or cremator beyond 
3 
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the cell could not posBibly have any effect upon the actual opera- 
tion within^the cell ; in this respect, perhaps, the weakness of the 
cremator was moat manifest. Although the eoet of destruction 
was higher, the residuum or clinker was still soft and worthless, 
and therefore so far the improved Destructor was a greater expense 
to the community than in its original state, the refuse being 
burned at a greater cost but still producing little or nothing of 
value as an asset. 

Although there were some few installatioira with which 
multitubular boilers had been included at this time, the power 
produced owing to the low temperature system of working was 
but neghgible. In one instance a drastic departure was made 
by setting a boiler immediately over a cell, the base of the boiler 
being practically in the fire ; while this armngement improved 
matters from the power producing standpoint, it was doomed to 
failure because the primary purpose of the Destructor was 
effectually thwarted. 

The gases as diytillud from the refuse came into immediate 
contact with the large oooUng surface of the boiler, and anything 
like a reasonable temperature in the cell was thus rendered 
impossible; in short, efficient creuiation was quite out of the ques- 
tion, and HO the first atU^mpt to produce a considerable quantity 
of st«am had the effect of demonstrating in the most emphatic 
manner that complete combustion must bo first secured, and 
that tlie primary function of the Destructor must always be to 
destroy, power production being a secondary consideration. 

No real progress was made until it was clearly recognized 
that the old system of low temperature working was wrong, and 
that it must besuperseded by artificial draught. With the introduc- 
tion of forced combustion and high temperature working, com- 
plaints concerning nuisance ceased. The cremator having ful- 
filled its purpose was but rarely heard of and was no longer 
adopted. 

Forced draught was clearly shown to be the real remedy, 
and a vital necessity for securing a sufficiently higli combustion 
temperature to avoid nuisance. Instead of the slow low tempera- 
ture distillatioQ of the gases, or cooking of the material, the 
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fires were now vigorous and the temperature high ; the clinker 
previously soft, offensive and worthless, was now vitreous and 
serviceable, and not only was nuisance prevented, but the destroy- 
ing capacity of a plant of given size was doubled, a large and 
constant volume of hot gases passing through the boiler to the 
chimney. 

It soon became evident that a considerable volume of heat 
was being wasted, and an effort was made to provide and use 
steam other than that required for the forced draught ; at first 
this departure was confined to the operation of mortar mills, 
screens, hoists, provender raEiehinery, and for similarly modest 
purposes. 

As the Destnictor maker has been often charged with exaggera- 
tion it may be as well to observe at this point that directly the 
high temperature Destructor was producing a modest amount 
of steam, enthusiasts began to predict a remarkable future for 
the Destnictor ; these enthusiasts were not Destructor makers 
nor had they any interest in any particular type of Destructor. 

The harm done by enthusiastic professional men at this 
time has had its effect ever since. Results in power production 
were prophesied which have not yet been attained, and which 
never will be attained. This is a candid admission, but no apology 
is needed. The modem Destructor has an excellent record, but it 
has its limits, and had this been recognized at its advent, much 
misunderstanding might have been avoided, and as the result 
greater progress might have been recorded. 

Although it must be frankly admitted that there is a very 
wide difference between the operation and steam requirements 
of a mortar mill and a high speed engine for electric light or 
traction purposes, yet it must likewise be admitted that there is 
a great difference between the Destnictor which was first found 
useful for the former purpose and its modern prototype as com- 
bined with the generating station. This the author endeavoured 
to make clear in a paper read before the Institution of Electrical 
Engineers' 'Manchester Section) in November, 1902, from which 

' See Proceedings (Manohostcr Soction) IiLstitution of Electrical 
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I cannot do better than quote in order to make the difference 
quite clear. 

When we have reached such a natisfactory position that it is 
possible to obtain from a boiler fired with Refuse Destructor 
gasea an evaporative efficiency equal to that obtained from a 
similar boiler direct fired with the best coal, then it may be fairly 
submitted that the Destruotor is a valuable adjunct. 

It may be said that such a statement involves the doubt as to 
whether or not power production has become the primary function 
of the Destructor. If any reader is possesaed of such a doubt 
he may at once be assured that in the best modem practice, the 

Engineers, 1902. Electricity from Re(ii«e—the Case for the Modem 
Destructor. By W. Francis Goodrich. 

" I venture to Bay that the beat of modern deetnictors have only been 
designed by a process of improvement. Of course there are members 
of your profession who atill assert most positively that the available 
power is really only suitable for operating mortar mills and similarty 
modest machinery, whicfi require but little steam, and at any reasonable 
or may be unreasonable pressure. 

" If we are to take such Ht«t«ment« as these seriously, then we must 
perforce believe that we have made no progrees during the past fifteen 
years, because the destructor of flfteen years ago was quite equal to 
supplying steam for the work in question. 

" Can it be seriously urged then that the deetnictor of to-day is but 
on a par with its earlier prototype t Is it a fact that while ev^^ other 
branch of engineering has a record of remarkable progrees, this particular 
branch has stood etiU ? Tt is not neocesary for me to supply the answer ; 
those of you who have seen the earlier type of destructor know that 
immense strides have been made. 

" Why was the old lowt emperature type of destructor of littJe use for 
power production, and why was it the cause of endless annoyance and 
litigation ? Broadly speaking, for one and the same reason — worked 
at a low rate of combustion limited by natural draught, low temperature 
gases only came into contact with the boiler : fifteen years since it is 
safe to say that the temperature of the gases entering the boiler never 
exceeded 800° Fahr., frequently falling as low as 600° Fahr. Now, in 
our best modem practice, gases enter the boiler at a temperature of 
2,000° Fahr., or even biglier, and in a well managed plant the minimum 
temperature can be kept at 1,600° Fahr. 

" In the face of this, is it not reasonable to expect very different resulto 
in the way of power production T and is it not, to say the least of it, 
a short-sighted policy to still tie tiie destructor to the despised mortar 
mill T " 
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highest attainahle temperature is reached in the cell ; this being 
done, the very conditions which are of the highest importance for 
perfect cremation, are at once such conditions as must exist in 
order to obtain the very best results in power production. 

If you would ask — is the combuation perfect ? it may be 
submitted that the attention paid to combustion in the case of 
the best modem Destructors is such as cannot be found with 
the majority of steam power plants where coal is used. 

The figures of analysts of the gases of combustion at several 
Destructor Works will be found tabulated herein and they are 
worthy of careful perusal and of critical comparison with the 
analysis of gase^ taken from the coal tired boilers, working under 
ideal conditions. 

Such comparison will but clearly show that the combustion 
process in the case of the first-class modem destructor is very 
much more efficient than with the average coal fired boilers, and 
the modem Destnictor chimney may be readily singled out in 
manufacturing towns as being the moat free from offence, and 
often the only clear chimney in the town. ^• | 

If a well designed modem high temperature Destructor is 
operated with reasonable care the chimney will always bear the 
closest scrutiny ; and generally speaking at the present time. 
Destructor chimneys all over the country are absolutely void of 
offence. It is tme that occasional complaints are still made con- 
cerning one or two low temperature destructor chimneys, but such 
exceptions only prove the general rule, and when these old instal- 
lations are " converted " to high temperature working, complaints 
will cease entirely. 

Although very considerable alterations have been made in the 
design of destructor cells, and although such alterations and 
improvements have all in the main contributed to the greatly in- 
creased efficiency, yet by far the most important innovation 
was the introduction of forced draught and high temperature 
working. Had every other improvement, with the e-tception of 
forced draught l)een added to the original " Fryer " cell, it is 
safe to say that hut very tittle real prepress would have been 
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One has only to look at the matter from auch a standpoint to 
fully reaUze what a drastic and far reaohing improvement was 
eflEected by the addition of forced draught. Without it destruc- 
tors would have become increasingly unpopular, and by this time 
' they would be classed among the failures of the past. Sanitation, 
in so far as the final disposal of refuse is concerned, would have 
received a rude check. 

Strictly speaking many of the modem improvements have 
only become practicable because of the adoption of forced 
draught and high temperature working. Prior to the introduc- 
tion of forced draught, no real advance had been made, and all 
the many later improvements owe their inception either directly 
or indirectly to this first drastic improvement, the effects of 
which have been so far reaching, andof such a character as could 
scarcely have been anticipated. 

In spite of the remarkable improvement due so lai^ly to the 
use of artificial draught, a few strenuous advocates of the old 
system still remain. It is manifestly useless to attempt to convert 
such. If what has been accomplished all over the country during 
the past fifteen years does not carry conviction, t^en it is too 
much to hope that any treatise on the snbject can be of avail. 

If the fact that no Destructor has been erected for many 
years past unless equipped with forced draught is not all suEB- 
eient evidence as to the value of the improvement, then but little 
more need be said. When actual demonstration has failed to 
carry conviction, argument is not likely to be effective. 

It is safe to say that the Local Government would decline to 
pass any scheme for a Destructor unless artificial draught is 
provided, and herein lies the primary saf^^ard for the ratepayer, 
who may rest assured that every scheme submitted to the Local 
Government Board is carefully looked into in detail. 

To the late Mr. Alfred Fryer belongs the credit of first satis- 
factorily tackhng the problem of final and sanitary disposal. It is 
true that during the twenty-seven years which have passed since 
Mr. Fryer erected his first Destructor great progress has been 
made by reason of improvements in design and construction, yet 
the fact remains that Mr. Fryer solved a great difBculty, 
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and one which has been much aggravated by the rapid growth 
of our cities and towns within recent years. 

The first two Destructor cells erected by the late Mr. Alfred 
Fryer at the Water Street depot of Manchester Corporation, in 
the year 1876, and shown in Fig. 1, are still in daily use. Within 
the past two years Meldrum's Forced Draught and grates have 
been applied to these two cells and also to ten other similar cells, 
greatly increasing the temperature, and also the destroying 
capacity of the cells. 



It is a striking tribute to the genius of the late Mr. Fryer that 
the essence of his original patent still forms the basis of nearly all 
the top fed Destructors offering. Mr. Fryer stated his principle 
as follows : " Charging or supplying the refuse to the cells at the 
back and drawing out the clinker — the residuum — at the front,' 

There have been many alterations and improvements in 
detail so far as the internal design is concerned, but the main 
principle as laid down by Mr, Fryer is still largely in evidence. 

Although experience has shown many weak points in design 
9 
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and construction, the sanitarian will always honour the name 
of Fryer. While the first destructor was not entirely satisfactory 
and would fall far short of modem requirements, its advent 
marked a new era in sanitation, and our present satisfactory 
position has only been reached by a process of evolution, which 
process was only rendered possible because of Mr. Fryer's earlier 
efforts. 

In Mr. Fryer's time the destructor had but few advocates, 
and critics innumerable. The grateful thanks of every sani- 
tarian are due to Mr. Fryer, who had to contend with such deter- 
mined opposition as would have daunted many men. 

Again, Mr. Fryer was offering a destructor far from perfect 
and nothing more. He could not offer a good vitreous clinker 
even as an asset against the cost of operation. He could not 
off er to provide power for electrical purposes, sewage pumping, or 
water pumping, in fact no return whatever could be offered, and 
yet in spite of all, destruction by fire was firmly estabUshed in 
this country and is now recognized as the only satisfactory 
method of final and sanitary disposal. 

There are those who are ever ready to criticize, and notwith- 
standing past experience, the destruction of refuse is looked 
upon by not a few as a very simple matter catling for no special 
engineering skill or experience. We need not labour this point, 
it will suffice to say that the problems involved in combustion 
have been tackled in such a manner in this country as is without 
parallel elsewhere either in Europe or America, and our British 
practice in combustion even with any class of fuel is considerably 
in advance of what is being done anywhere outside of these 
islands. 

It is generally recognized by those competent to judge in 
America that our present satisfactory position has only been 
attained by scientific application, and many American engineers 
have not been slow to fittingly recognize our premier position, 
at the same time deploring the apathy shown by their own 
countrymen, and the lack of attention given to those cardinal 
principles which govern efficient combustion. 

In order to sliow clearly how our British practice in refuse 
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disposal compares with American practice, I cannot do better than 
quote from the contributions of some American experts to a 
discussion' on "The Sanitary Disposal of Municipal Refuse" 
at meetings of the American Society of Civil Engineers, held on 
December 17, 1902, and January 7, 1903. 

Mr. Rudolph Hering, a recognized authority on the subject, 
said : — 

In Europe the Municipalities, under the guidance of experienced 
engineer officers, generally undertake the cremation by their own long 
trained employes, while here with ub the health boards or council com- 
mitteee select not only the design, but indicate the method of operation, 
appoint unexperienced employ^, or enter into a contract for immediate 
profit rather than for permanent efficiency. 

The difficulties underlying the problem of city refuse disposal, which 
is almost wholly one of engineering, have been solved aatiafactorily where 
competent engineers have been employed for the purpose. It is hardly 
to be exptected that without professional skill and training desirable 
results can be reached in this any more than in any other branch of 
engineering. 

Mr. H. de B. Parsons, another expert, said : — 

The failure in American cities has been largely due to faulty design 
of the furnaces and lack of high temperature {a most essential feature). 

Colonel W. F. Morse, the distinguished sanitarian, said : — 

The comparison between English and American cfticient' disposal 
is distinctly against us. . . , 

The work has been begun at the wrong end ; a sufficient amount of 
engineering skill was never applied to it. Municipal Committees have 
gone about the country and have been persuaded by ambitious furnace 
builders to instal plants. These plants have been simply experiniental 
— built for a profit. They were not durable, and required extensive 
repairs. In many cases they were not sanitary ; they emitted odours ; 
they were not in all reepiects adapted to the work required of them, and 
they were expensive to operate. . . . 

If progress is to be made, it must be made either by inventing a new 
furnace, or by adopting other furnaces which have been proved successful 
elsewhere. 

Mr. Geo. A. Soper remarked as follows : — 

At the present moment the City (New York) is doplorably dirty. 

• See Proceedings, Ameriean Society of Civil Engineers. January, 1903. 
Vol. xxix. No. I. 
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Buainees men and property owners are complaining that their refuse 
is not removed. . . . 

The street cleaning department ia struggling under the dieadvantages 
of an incomplete and out^own equipment. It may seem like strong 
language, but it is not beyond the facte to say that the sy$<tem of cleaning 
the streets of the Metropolis if followed by a privat« Corporation would 
lead to bankruptcy. 

This latter quotation has only been included to show that 
even in the collection and removal of refuse, as in its disposal, 
much yet remains to be done. The authorities quoted are all 
recc^jnized as experts in New York; the reader must be impressed 
by the singular unanimity of opinion, and the admitted un- 
satisfactory conditions obtaining. 

The whole position may be Hummed up by saying that ciurent 
American practice is but on a level with our practice of fifteen 
years since, and that our gradual but definite progress towards 
sanitary efficiency, and power production has been without any 
materia) effect in America. 

Certain it is that our position can only be approached by 
progress on the same lines as have been dictated by actual ex- 
perience here, and such results as we now obtain can only be 
reached by practical and scientific application. Until this is 
clearly recognized no real progress will be made. This opinion is 
expressed not in any boastful spirit, but merely as the result 
of clearly appreciating the fact that the paramount difficulties 
presented in American practice are in the main practically the 
same as have been met with and sucessfully overcome in this 
country. 

Even as the design and construction of the destructor must 
always he recc^i;mzed as the work of the experienced engineer, so 
should the choice of the type of the destructor most suitable for 
the requirements of a particular town be more largely left to 
the engineer or professional adviser. It is a common practice for 
a deputation of town councillors to visit various towns and 
inspect different types of Destructors in operation. WTiile the 
worthy councillor leaves his business without a murmur, and 
gladly gives his time and services, he is not an engineer, he has 
no knowledge of the subject. His experience is such that it is 
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manifestly impossible for him to critically compare different 
systems with any degree of fairness. 

A few minutes in a Destructor house with an anxiety to keep 
as far away from the dust as possible, does not assist the coun- 
cillor in coming to a fair conclusion, nor under such conditions 
is it possible for the layman to acquire any really useful informa- 
tion. Owing to the variety of destructors now oflering, and 
their difference in design, working conditions, and results 
obtained in power production, a hurried visit, a few questions, 
and a superficial examination are of Uttle service. 

To make critical comparison demands engineering knowledge 
and an acquaintance with Destructors generally. Without such 
knowledge it is impossible to detect the weak points during an 
inspection. The average town councillor is not technical, and 
yet he is constantly called upon to exercise a choice which 
demands technical knowledge. If it were not for the controUing 
guidance of the permanent official — the municipal engineer — the 
ratepayer's money would often be very badly invested. 
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Chapter II 

REFUSE TIPPING ON LAND 

EARLY in 1902, the Bury St. Edmunds Corporation made 
application to the Local Government Board for sanction 
to borrow the sum of £300 for the purchase of a Refuse Tip. 

In due course, Major C. E. Norton, R.E., one of the 
Inspectors under the Local Government Board, conducted an 
inquiry into the subject of the application, and during the 
course of the inquiry he asked "why the Corporation did not 
provide a Refuse Destructor ? " 

After due consideration, the Ix>cal Government Board declined 
to sanction the loan application, The Corporation, not antici- 
pating a refusal, had concluded the purchase of the land, which 
amount has consequently to be provided out of the revenue. 

Although I cannot cite a similar case to this in any part of 
the country, it must be conceded that a very ominous prece- 
dent has been established, and we may confidently anticipate 
that the attitude of the Local Government Board towards the 
tipping of refuse will be less favourable in the future. 

The case of Bury St. Edmunds furnishes a remarkable object 
lesson for hundreds of Municipal authorities in this country, who 
still accumulate filth. At the same time the sanitarian must be 
encouraged by the ominous decision of the Local Government 
Board, accompanied as it was by the recommendation that a 
Destructor be provided. 

Mr. G. A. D. Mackay, the well-known and able Cleaning 
Superintendent to Edinburgh Corporation, in his Presidential 
14 
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address, delivered at the Edinburgh Congress of the Association 
of Cleansing Superintendents of Great Britain, in July, 1902, 
spoke as follows — 

Tipping in places of low depth, and when isolated jrom dwelling houses 
and sources of water supply, ia not, when carefully directed, an insanitary 
method of refuse disposal. When, however, the depth is considerable, the 
benefit of aeration is absent, and no depositing should take place, urUesa the 
organic portion of the refuse is first removed by a process of incineration. 

Mr. Mackay is a distinguished sanitarian, and we may accept 
his advice as sound ; but the more closely we examine his state- 
ments, the more firmly must we be convinced that he fails to pre- 
sent any logical argument in favour of tipping. 



Refuse Tips are too often near to dwelling houses, and being 
frequently provided by the scavenging contractor, they are not 
carefully directed. Again, the depth is often very considerable ; 
in the case of the huge tip illustrated in Fig. 2, the maximum 
depth is nearly CO ft. 

Mr. Mackay expresses hia opinion that the depth of deposit 
must not be considerable. We know that in the case of hundreds 
of tips the depth is very considerable ; in fact, the favourite site 
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for a tip is an old gravel pit, clay pit, or some hoUow which has 
been excavated. 

When Bites of this character cannot be obtained, the refuse 
rises from the level ground skywards, as is seen in Fig. 3, and 
so the tendency is all toward getting considerable depth, ex- 
cepting, of course, when refuse is spread over land for manurial 
purposes. 



Fig 3. 20,000 Tons of Kefusb at WAiroKD. 

Concerning the use of refuse for manurial purposes, it may 
be said that the farmer has had quite sufficient of the modem 
refuse ; all over the country there is a growing disincUnation to 
use refuse on the land, largely because of its changed com- 
position. The alarming percentage of tins and bottles in 
average refuse has caused the farmer to seek his manure else- 
where. This cannot but be very satisfactory to the sanitarian, 
i6 
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and it further servea to emphasize the fact that the Destructor 
is the only solution. 

There is another aspect of the refuse tipping question, 
which must not be lost sight of — the oartage coet. Where tip- 
ping is as well directed as a filthy process can be, the tip is well 
outside of the town. Many instances might be cited where refuse 
tips are situated from two to three miles oat of the town. Not 
only does this inflict a heavy cartage cost on the ratepayer as 
compared with oartage cost to a reasonably central destructor 
site, but the countryside is marred. Many a lovely landscape is 
blighted by an unsightly, evil-smelling, dangerous heap of decom- 
posing filth. 

Let us reoc^nize clearly that not only doed this shortsighted 
policy of accumulating filth entail the maximum cost of cartage 
to a community, but insult is added to injury by vitiating the 
atmosphere of the countryside by these vile deposits. 

On the whole, very little indeed can be fairly urged in favour 
of tipping. If Mr. Mackay's remarks are carefully perused, it 
will be seen that tipping can only be recommended under certain 
specific and ideal conditions such as do not obtain in or near . 
the average town. 

But why in the name of common sense should the hoarding 
up of filth be reduced to a fine art ? Why devote study to a 
system which generally speaking stands condemned from Dan to 
Beersheba, a system which can never be final, and which was 
recognized as an impossible one even before the Christian era ? 

Medical Officers of Health have long been aware that apart 
altogether from the disease-spreading properties of the pesti- 
lential odours arising from refuse deposits, there is much to be 
feared from the enormous numbers of flies. 

Every refuse tip has its pl^;ue of flies, breeding and feasting 
in the filth, and they multiply at an alarming rate. Wherever 
organic refuse, excreta, or carcases, either large or small, is 
deposited, there flies may be found. 

That flies do not confine their operations to the refuse, is 
shown by the serious epidemic at Fratton only a year since. At 
the coroner's inquest on one child out of three in one family 
17 c 
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who had succumbed from an attack of virulent diarrhcea, the 
Medical Officer of Health and other expert witnesses emphatically 
asserted that the cause of the epidemic was the presence of in- 
sanitary refuse heaps in the locality, from which the infection 
was carried to the house by fliea, which were in such numbers 
as to constitute a veritable plague. 

In his evidence, the Medical Officer said that on several 
occasions, he had recommended the Corporation to provide a 
Destructor, but the suggestion had not been sympathetically 
received because of the expense. The jury found that the cause 
of death was " eniero-colitis" brought about by the contamination 
of food by bacteria, brought by flies from the refuse heaps. 

Here is a clear case of one community seriously suffering 
from the filthy deposits of another lai^er community — the 
important town of Portsmouth. The Medical Officer of Health, 
Dr. Meams Fraser, has repeatedly urged upon the Corporation 
the necessity for providing a Destructor. Portsmouth with 
its two hundred tons of refuse daily is still without a Destructor, 
but the Fratton epidemic had the effect of rousing the Cor- 
poration, and it will not be long now before a Destructor is 
erected. 

Not only docs organic refuse attract, and aid the rapid multi- 
plication of dipterous insects, but every large refuse tip has its 
colony of rats, in some instances running into thousands ; houses 
in the vicinity are infested with the rodents, and neighbouring 
crops are in some instances ruined by their depredation'^. 

In the town of Watford, owing to the presence of a large 
refuse tip in close proximity to the Workhouse and Infirmary, 
it has been found necessary in hot weather to provide " mosquito 
nets " to protect some of the infirmary inmates from tlio numbers 
of flies entering the open windows, and recently in the casual 
wards able bodied men have declined to work by day, because 
the incoming rata have prevented their sleeping at night. 

It is indeed incongruous to find a large town provided with 

electric light and electric traction, but without any sanitary 

means of refuse disposal, for instance even at Portsmouth, where 

Dr. Meams Fraser tells us the Destructor question was not a 

i8 
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popular one, because of the expense ; within the past few years 
about £250,000 has been spent on electric traction. 

In Dublin, where a similarly enormous sum has been 
expended on Lighting and Traction, the refuse disposal question 
.is also generally unpopular because of the financial aspect. In 
both cases, less than one-tenth of the sum found for electrical 
purposes would have sufficed to provide modem Destructors of 
sufBcitnt capacity for many years to cume. 

Many other similar cases might be cited ; such cases abound, 
serving to show that there is a strange reluctance upon the part 
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of many important authorities to face a sanitary problem, 
although their first charge is undoubtedly the preservation of the 
health of the community. 

The conditions are precisely the same in a very large number 
of our boasted health resorts, both on the sea-hoard and inland ; 
while in many cases every modem improvement is adopted to 
enhance the natural attractions, the sanitary aspect does not 
receive attention, and so it is that many of our so-called health 
resorts are insanitary in the extreme, and from a sanitary point 
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of view will not bear comparison with some manufacturing 
towns. 

At the present time, 100 well known and popular health 
reBortfi in this country are without means of final and sanitary 
disposal of their refuse ; it may be assumed that in most case^ 
the filth is accumulated in heaps such as are he*re illustrated. 
Only a very few authorities send the refuse out to sea, and when 
this is done a considerable quantity is usually allowed to accumu- 
late either at a depot or in a barge until a cargo is ready. 

The time is coming when these unsatisfactory methods will 
have to cease ; a health resort will yet be judged by its sanitary 
condition, and only in so far as it conforms to a modem standard 
will it rank as a health resort. A pure water supply, an effi- 
cient system of sewage treatment and disposal, and final and 
sanitary disposal of all civic waste by the agency of fire will yet 
be demanded as the essentials of a health resort. 

Out of a total number of 124 well known seaside and health 
resorts in England and Wales, twenty-four only have adopted 
Refuse Destructors. A glance at Fig. i, showing the coast Une 
from Weston-super-Mare on the west, to Margate on the east, 
will show the slow progress in sanitation in well known seaside 
resorts. Between these two points, eight seaside towns only 
have adopted Destructors, and in the case of one town at least 
the Destructor is altogether inadequate in destroying capacity 
and of old design. 

Fig. 5 is reproduced from a photograph taken by the author. 
It shows a large refuse tip estimated to contain 5,000 tons, and 
situated between Newport and Cowes, in the Isle of Wight, 
within a tew yards of the main road which was frequently used 
by our lat« Queen when driving in the neighbourhood of Osborne 
House. 

Some large pigs will be observed in the foreground, while 
■ yet others are reposing in the filth, whereon apparently the pigs 
had been placed for feeding purposes. Is it possible for the 
average man, even if devoid of sanitary knowledge,-to look upon 
such a scene as this with satisfaction ? Can such a practice 
be defended under any circumstances i One intimate with 
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methods of Refuse Disposal might perhaps expect to find such 
an example as this in aome districts, but hardly in the Isle of 
Wight — the Garden of England — and within three miles of a 
Royal residence ? 

• It may he es well to remark here that Refuse Tips are common 
in the Isle of Wight, and many a lovely spot is marred hy a heap 
of decomposing filth. Not one of the popular seaside resorts on 



Fio 5. Pi08 Fbedino on REFoaE at Newport, Isle of Wight. 

the Island is provided with a Refuse Destructor, and so far as the 
writer is aware, no refuse ia sent out to sea. 

Some of the technical sanitary journals, notably the Pvblic 
Health Engineer, have again and again called attention, in leaders 
and leaderettes, to the glaring indifference shown in the case of 
many seaside and health resorts, to the fmal and sanitary dis- 
posal of refuse. Publicity of this kind has had the effect in 
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some cases of inducing the authorities to face the question, but 
the figures here quoted indicate only too plainly that much yet 
remains to be done. 

At a meeting of the Worthing Town Council, eariy in March, 
1903, Councillor Aston, Chairman of the iSanitary Committee 
spoke as follows : — 

The committm> liad arrived at the unanimoiiK docinion that it was 
their duty to erect a Destructor. Tliey apont a. lot of time and money 
in beautifying tlieir town and providing attractions for visitors, but the 
saniidTy condition of the town was of fwn higher importance. 

The above recommendation should not he passed over 
lightly, for in it we have a most hopeful sign of the times. It is 
in effect a frank admission that the sanitary condition of a 
health resort is of greater importance than the provision of 
attractions. 

While this is only too obvious, it is not often admitted ; as 
a rule money is spent freely in every direction in order to bring 
a health resort up to date, with the exception of its sanitation, 
which too often is crude and unsatisfactory in the extreme. 

That same enlightened pohcy and keen appreciation of the 
essentials of a health resort which we see shown in the case 
of Worthing might with advantage be emulated at some ninety- 
nine other health resorts in this country ; as such is not the case, 
however, we can only be led to the conclusion that sanitation is 
not yet considered of vital importance. 

The disease-Spreading properties of organic refuse are too 
serious to be passed over hghtly, and when refuse is accumulated 
in close proximity to houses the conBequences may be very 
disastrous. Organic matter dug up after having been buried for 
many years has been found to he in an active state of putrefac- 
tion.' It would seem that in many cases enormous heaps of 
refuse are allowed to accumulate in the hope that in some mys- 
terious manner purification would take place automatically. 

Needless to add, purification does not take place under average 
conditions, and it is impossible to defend such a system ; it is 

' See The Economic Dinpoxal of Toiims' Befuae. W. F, Ooodrieli. 
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filthy and unsatisfactory in the extreme. The advocates of the 
refuse tip are well aware that it is a menace to the pubUc health, 
but they fondly imagine that their every action will be finally 
judged from an economic standpoint. 

After twenty-seven years of disposal by fire, and with such 
a large number of successful Destructor installations, there is no 
reasonable excuse for the continued accumulation of organic 
waste. In a recently issued small volume,' Dr. G. Vivian Poore 
clearly points out that organic refuse is the most deadly enemy 
of the soldier, and it may be as truthfully said that accumulated 
organic refuse is a danger to a civil community. 

Refuse tips have been sarcastically termed " Monuments of 
Municipal Wisdom " and when photographing the immense heap 
illustrated in F^. 3, and said to contain 20,000 tons of the filth 
of Watford, it occurred to the writer that a huge notice board 
bearing the inscription: "Video meUora proboque, deteriora 
aequor," ' would be a pecuUarly fitting addition, not only to 
this filthy heap, but to many hundreds of similar composition, 
large and small, all over this country. 

Such an inscription would su£Bce to explain, why the filth 
had been so deposited and allowed to accumulate. 

The Local Government Board, much maligned as it is, has 
done not a little in the encouragement of real sanitary progress. 
The reports of the Medical Officers to the Local Government Board 
concerning the sanitary condition of various towns furnish most 
instructive reading. 

An outbreak of zymotic or preventible disease is generally 
quickly followed by searching investigation, and every weak 
spot in sanitary administration is not only laid bare and criticized, 
but a remedy is suggested. In perusing these reports the writer 
has been much impressed by the singular unanimity of opinion 
expressed by these qualified medical men as to the Disposal of 
Refuse. They do not recommend tipping on land or at sea, 
whether the town be large or small, the district urban or rural ; 
a Destructor is recommended as a sanitary necessity. 

' Colonial and Camp Sanilation. By Dr. G, Vivian Poorc. 
' I SCO and approve of tho bottor, but follow the wor.ie. 
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It should be remembered that the medical man adyisea as a 
sanitarian, and not as a utilitarian; his standpoint is public 
health, the power aspect of the question does not appeal to him, 
and it is manifestly absnrd to attach the commercial stigma to 
his opinion. The average citizen has but a faint conception of 
what he owes to the Medical Officer of Health, and it is indeed 
curious that one whose labour is of such vital importance should 
80 often be marked as unpopular. 

Even in America, where a greater variety of methods of dis- 
posal have been tried than in this country, it is becoming in- 
creasingly evident that in spite of all that has been attempted, 
and even done, disposal by fire is now recognized as the only real 
solution. Whenever the subject is discussed, the weakness and 
ineflSciency of every system of disposal with the exception of 
cremation is freely admitted, and not infrequently condemned. 
In the proceedings of The American Public Health Association 
for 1902 will be found a contribution by Dr. Heber Jonee, M.D., 
President of the Board of Health of the City of Memphis, Tenn. 
The following extract from this contribution will serve to indicate 
the general trend of opinion among Medical Officers of Health in 
the United States :— 

Unquestionably, gentlemen, and I do not care what the size of the 
city is, whether it be New York with its four roillions, or Memphis witli 
a little over one hundred thousand, the proper plan for garbage disposal 
is to deetroy it by fire, and not to try to utilize it for feeding awine, hauling 
it out and burying it, or making any attempt at reduction. There is 
plenty of food in the country to feed awine. We do not want to pollute 
the atmosphere of the suburban portion of our city with the ateneh which 
emanat«8 from hog-pens and from the stuS which is hauled there, a good 
part of which the hogs themselves will not eat. . . . Such, in my opinion, 
is a menace to the public health of any neighbourhood, and is not only 
imsatiflfactory, but disgusting.* 

It is refreshing to find the President of the Board of Health 
for the city of Memphis, Tenn., thus not only advocating disposal 
by fire, but also scathingly denouncing the feeding of swine with 

' Dr. Heber Jonce,- M.D., before The American Public Health 
Association, in Conference at New Orleans, December, 1902. 
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garbage, a syBtem of disposal which has been tolerated to some 
extent in the United States. 

As recently as two years since, a " Municipal Hoggery " was 
established in Worcester, Mass., the overseers of the poor 
collecting the garbage and feeding swine with the same at the 
City farm, an average of 1,900 swine being maintained by the 
garbage collected. 

The cost of garbage collection for the year 1900 was $17,000, 
and the receipts from the sale of pork $11,300, leaving a deficit 
of $5,700. Evidently the citizens and authorities are satisfied 
with the cheap method of disposal. Maybe they congratulate 
themselves upon their success in this Municipal Trading effort. 
There is certainly no sign that the sanitary aspect receives the 
slightest consideration, or that it is deemed of any importance. * 

In the face of such evidence, as is adduced in Fig. 5, we 
cannot boast; but it may be truly said that in this country 
wherever garbage is used for feeding awine, it is done secretly by a 
scavenging contractor. While we have plenty of citizens and 
some few authorities with very hazy notions concerning sanitary 
science, yet in this country it is safe to say that a " Municipal 
Hoggery " is quite impossible. 

The advocates of tipping refuse on to the land have again 
and again referred to its economic advantages. In fact so much 
has been said concerning economy that one is almost persuaded 
that sanitary progress can only be permitted in so far as it is 
economical. 

The old analogy of " the cart before the horse" is peculiarly 
fitting to such teaching as this. Every level-headed citizen, 
however, must know that the highest sanitation represents the 
highest economy, and that economy without efficiency is generally 
speaking to be avoided. 

Mr. W. J. Steele, A.M.I.C.E., the Deputy City Engineer of 
Bristol, recently presented some very interesting figures in a 
paper entitled " Some Methods of Utilizing Town Refuse." 
Referring to the City of Bristol, he said :— 

During the year ending March 25, 1903, 86,911 tons of refuse were 
ooUected, or one ton for every four persons. Of this quantity 33, 149 
25 
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tons were treated at the Deetructor, the remainder being tipped. Had 
the whole of the refuse been treated at the Destructor, the tot^l difference 
in cost over the coat of tipping would have been £3,500 — equivalent to 
a halfpenny Tat«.* 

A simple calculation will show that to destroy 62,762 tonB 
of refuse which is now deposited on tips, would add one halfpenny 
to ike rate. To thus change over from the present filthy and 
insanitary system of disposal, at the expense of one additional 
halfpenny to the rate must appeal to the thoughtful citizen as 
economical. It ia a sweeping reform at a very low cost, and such 
a case as tJiis is typical of many, while in not a few cases it would 
be cheaper to destroy refuse than to tip the same, even if no power 
were provided. 

* Paper read before The Association of Cleaiuiing Super in t«ndent« 
of Great Britain. Bristol Conference, June, 1003. 
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chapter III 

BEFUSE TIPPING AT SEA 

IF we examine isto the methods of disposal in vogue at towns 
directly on the sea-board or in such position as would permit 
of the refuse being taken to sea, it ia both inter^ting and ominous 
to find that thia method of riddance is not extensively employed. 

Although it is often cheaper to thuB get rid of refuse, than to 
destroy it, there are many reasons, which, individually and 
collectively, tend to pronounce the " drowning " of refuse as 
unsatisfactory in the extreme. We will briefly review a few of 
these reasons. 

If we take the typical case of a town such as Dover, we find 
a barge of considerable capacity moored conveniently in the 
harbour, so that carts may tip their contents direct into the barge, 
until sufficient refuse has been delivered to constitute a reasonable 
cargo. Until then the barge remains in the harbour ; it is in fact 
a system of storage so far. 

Now it may be fairly submitted that storage of this kind is 
not satisfactory, nor would it be tolerated in connection with a 
Destructor, although in the latter case the material would be 
under cover, while in the barge it is exposed. 

Again, barges cannot proceed to sea in unfavourable weather, 
and so the storage may be protracted. It has in some cases been 
found impossible even when a barge is fully loaded to allow the 
same to proceed to sea for several days, when the weather has 
been unpropitious, 

The alternative to storage in a barge is to provide a depot 
27 
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as Bhown in Fig. 6, but it will at once be apparent that this method 
is unsatisfactory. The refuse is tipped in the open, until suffi- 
cient has been accumulated to fill the barge, it has then all to be 
shovelled into the tipping trucks, which are then run out on to 
the wharf and tipped into the barge or hopper. 

With the intennediate handling of the material, this system 
must be more expensive than tipping direct from the cart into 
the barge. Again we have that open air storage, which is most 
pernicious. 



Fig 0. Bkfdsr Depi'^t at Benwell-on-Tyne. 

The system illustrated in Fig. 6 is in use at Benwell, near 
Newcastle-on-Tyne, and as will be observed, the depot is in very 
close proximity to houses. As is invariably the case, the Medical 
Officer of Health condemns the method as insanitary, and local 
medical men unitedly assert that " it is a menace and danger to 
the health of the district." It will thus be evident that even the 
preliminaries attendant upon dumping refuse at sea are most 
undesirable. Storage either in the barge or at a depot is in- 
separable from the system because, aa a general rule, some few 

28 
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day»' ooUection of refuse is Qeceasary to make up a cargo for a 
barge or hopper. 

Early in the present year at Benwell, owing to stress of 
weather, the refuse accumulated at the depot to the extent of 
700 tons. Had this been an orthodox refuse tip, the material 
would have remained undisturbed, but being destined for dump- 
ing at sea, this unsavoury accumulation had to be broken up and 
handled. 

Wherever refuse is thus stored at a depot for removal by 
vessel, regularity of removal cannot possibly be ensured ; the 
system may work very well for three weeks or even three months 
if weather permits, but apart alt<^ether from other considerationB, 
can any system of disposal be deemed satisfactory which is only 
workable in favourable weather ? 

If the refuse is tipped direct into a barge or hopper, the same 
question arises ; the vessel with its objectionable cargo can only 
leave itfl berth for the dumping area if the weather permits. 
Briefly, therefore, we may describe tipping at sea as a "fair 
weather system " as compared with the Itefuse Destructor which 
is usually in operation for six days per week, be the weather fair 
or foul. 

In the case of a town where from 20 to 40 tons of refuse is 
collected daily, to send a barge out to sea every day, or even 
alternate days, would be prohibitive because of the cost. With 
large towns it is open to question, whether it would pay to send 
the whole of the refuse to sea, because the collection area being 
wide it must necessarily be costly to bring the whole of the refuse 
to one point, which is usually not central. But apart from the 
preliminary collection and storage, is it a final and sanitary system 
to send refuse out to sea ? 

Ten years ago Mr. John A. Brodie, A.M.I.C.E., the eminent 
City Engineer of Liverpool expressed his opinion as follows : — 

On a careful consideration of tlie subject it will be apparent that there 
ore many matters contained in tiic material known as fiouse refuse, whicli 
Hhould not on any account be permitted to be went to sea, mch as vegetable 
debris, straw niattrenseH, begging, matting, baHkettt, tins, and many 
other tilings of a like character, whicli :nay be returned to the alioree 
29 
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of watering places, or may cause trouble to the fishermen. These materials, 
however, should be removed and dealt with by the Destructor, and if 
this was done there caniiot be the aliglitest doubt tliat disposal at eea 
is at once the cheapeet, quickest, and best system for the greater portion 
of the refuse from those parte of Liverpool uAich lie wUhin a moderate cartage 
di«lance from the docks. 

Some years ago Mr. Brodie brought that same intelligent 
application and inventive genius of his to bear upon the dumping of 
refuse at sea that he since devoted to the Refuse Destructor, and 
it may be safely said that the sea dumping at Liverpool was 
conducted in a far more satisfactory and economical manner than 
has been the case in any other part of this country either before 
or since. 

In spite of this, however, Refuse Disposal in Liverpool has 
not developed along these lines ; on the other hand, Liverpool has 
a number of excellent Destructors, producing a very considerable 
amount of power for electrical purposes, as may be seen by 
referring elsewhere in these pages. 

Mr. Brodie's statement puts the case very concisely. A sorting 
process ie an essential part of sea dumping; sorting is a degrading 
and filthy process and involves expense. Further, having re- 
moved such portions as should not go to sea, what is to be done 
with that portion which is too objectionable to commit to the 
ocean ? We are told that this portion should be burned in a 
Destructor. Precisely — but if it is wise to destroy the objection- 
able percentage, why "drown" that which is not liarmful or 
likely to be productive of nuisance ? why not bum the whole ? 
Again, it must not be forgotten that the portion which is not 
included in the category of objectionable matter is such as would 
be of great assistance in the cremation of the remainder. 

Around our sea-board, it lias been conclusively proved that 
quantites of refuse dumped at sea are returned on the beaches of 
adjacent seaside resorts. Within the past two years, there has 
been a serious outcry on the north-east coast, where the beaches 
of seaside resorts have been defiled with the filth of large towns. 

Those who consider that refuse should be returned to the land 
for manurial purposes should derive some satisfaction from this, 
for they have as their aUies natural forces, and even after the 
30 
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expense of thus sending refuse to aea it returns " back to the land." 

It is well known that chemical change in organic matter is a 
very slow proceea in the presence of water, and decaying vegetable 
and animal substances deposited by the tide may be productive 
of very serious harm. While this filthy system continues, small 
seaside resorts, although themselves provided with Destructors, 
will have to suffer from the deposits of larger towns, in some 
instances a considerable distance away. 

Thus to some extent does the dumping of refuse at sea involve 
the infliction of the filth of one community upon another, even 
as this is the case with thousands of tons of the filth of London 
sent into the country and there tipped. 

Dr. J. B. Cosby, the Chief Health Commissioner for the City 
of New York, told the author that it had been found by actual 
experiment that New York refuse must be taken 60 miles out to 
sea, to ensure its non-retum on the incoming tide. At distances 
inside (iO miles, constant offence was given, by the deposit of all 
kinds of filth on the beaches of seaside resorts on the New Jersey 
coast, also at Coney Island and Far Rockaway. 

To take refuse such a distance must obviously be expensive, 
but the necessity for such transit was clearly shown in the case of 
New York by actual experience. When Mr. G. F. Deacon, 
M.I.C.E., initiated this method of disposal in Liverpool in 1879, 
the refuse was actually carried out to a point 24 miles from the 
landing stage. 

Perhaps the weakness of this system of disposal is most 
conclusively shown by the fact that many towns having faciUties 
for thus disposing of their refuse have after a trial adopted 
Destructors. 

Again at the present time less than twenty per cent, of the 
towns on or near the sea-board send their refuse to sea, prefer- 
ring rather to raise monuments on the land, until such a time 
as they may decide upon the only method of final and 
sanitary disposal. 
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Chapter IV 

SYSTEMS OF CHAKGING REFUSE INTO CELLS 
DntECT Chaegdio Systems 

WITHIN the past four years, two systems of feeding refuse 
direct from the cart into the cell without intermediate 
handling have been devised. Both systems are essentially 
different in detail, although possessing some advantages and dis- 
advantages in common. It is proposed to consider the direct 
charging systems in question as distinct from systems of mechani- 
cal charging, which will be dealt with later. 

It may be well to observe at the outset that there are objections 
inseparable from (he principle of direct charging, either by mechani- 
cal means or otherwise ; these are put clearly before the reader 
in the description of each apparatus. It is for the purchaser 
to decide whether tlie sanitary advantages which accrue are 
such as will compensate for the manifest disadvantages. 

Stress is laid upon the sanitary advantages of such systems, 
and as the Destructor is primarily a sanitary adjunct, this aspect 
must be more or less prominent. It would be idle to deny that a 
system which provides for the feeding of refuse into cells without 
serious intermediate handling is worthy of careful consideration. 

Direct chaining would undoubtedly be very much more popular 
than is the case, if when once the material was placed in the cell 
no further attention was necessary, but this is not so ; on the other 
band, the saving of labour in actual charging into the cell has the 
effect of rendering the work of those beneath very much more 
arduous than is the case under ordinary conditions. 

It is mainly for this reason that the material reductitm in 
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labour coBt which was anticipated, has not been realized, and 
there is now a tendency on the part of the more advanced advo- 
cates of direct <tharging to magnify the sanitary advantages, 
which are more or less obvious, while the real economic advan- 
tages have yet to be demonstrated. 

It is scarcely necessary to insist t^at any system of direct 
cbai^ging should be as free ae possible from mechanical contriv- 
ances, and in any case the arrangements should be such that in 
the event of a breakdown an easy alternative system of charging 
may be at once resorted to, as a stoppage without efficient means 
of storage might have unpleasant results. 

Hobsfall's Dieect Chakginq System 

As originally designed, a large pit was arranged, in the top 
of a battery of cells placed back to back, the top of the pit or 
hopper being level with the top of the cells, its base being formed 
by an extended table above the drying hearth. 

It was anticipated that the bulk of refuse in the large hopper 
would effectually seal the opening, and with this in view a light 
sheet iron building was erected over the hopper, the large folding 
doors opening outwards to enable the cart to back against the 
tipping beam, and thus discharge its contents direct into the 
cell. 

The main trouble experienced was that the stored refuse not 
only failed to seat the opening, but instead readily ignited, 
expelling noxious gases. 

It was thus obvious that a means most be found of effectually 
covering the large opening into the. cells in such a maimer as 
would absolutely prevent the escape of gases. After trying 
various methods for keepii^ this door or lid tight, theHorsfall 
Company tried a water seal system which has proved to be quite 
satisfactory. 

Troughs are laid horizontally around the feed opening, being 

connected with a feed tank which has a ball-cock arranged to 

maintain the water at a constant level. The hds covering the 

openings into the cells, each weighing about one and a half tons, 
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are suppended from winches, mounted on trucks which run on 
railB. The winches are so arranged that by a few turns of the 
handle the covering lids can be raised about four inches, this takes 
them clear of the trough and water seal, and by means of the 
trucks they are then carried clear of the opening. 

The departure was a bold one, and of such a character as 
necessitated actual experiment under ordinary working con- 
ditions, in order to arrive at the best methods of avoiding a 
serious escape of noxious gases. 

Having made clear that this system of direct charging is now 
quite satisfactory so far as the feeding in of the refuse is con- 
cerned, let u8 examine more closely into the handUng of the 
refuse below on the clinkering floor. 

A lai^e quantity of refuse having been charged into the cell, 
the bottom of the mass rests on the table, from which point it 
has to be dragged forward on to the grate proper, as often as a 
fresh charge is required for destruction. 

As with other systems of direct charging, so with the one we 
are now considering ; the fact of the refuse being in the cell only 
tends to make more laborious the work of those who toil beneath 
on the clinkering floor. Let me clearly explain why the work 
is more laborious — than for instance in the case of the ordinary 
top fed cell. 

In the latter case the refuse is nearer to the operator and it 
is more readily handled, being detached ; and but a comparatively 
small quantity. Whereas in the case of the direct charged cell 
the stoker has to manipulate a very long and heavy drag rake, 
and his difliculties are materially increased because of the greater 
distance, the radiated heat, and the fact that by the impact of 
its own weight above and the effect of heat below, the mass of 
refuse is very solid and swollen. 

This difficulty may perhaps not appear at all serious to the 
lay observer, but it is nevertheless a difficulty, and, moreover, 
a very serious one. 

Mr, J, W. Bradley, M.T.C.E., the City Engineer of West- 
minster, in A report to the chairman and members of the Works, 
Sewers and Highwaj's Committee, dated December 30, 1902, 
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remarks aa follows concerning a test of Horafall's Direct Charged 
Destructor at Shot Tower Wharf — 

With two exceptions the firemen worked well, but tiiere is a tendency 
to avoid the use of the long pulling down rake, and also to keep the flrcfl 
too thin in front, which causes the fires in the front to bum in holee, 
through which large volumes of cold air pass into the cell, tending to 
reduce the temperature, and as air under pressure naturally seeks the 
easiest outlet, this air does not pass through the refuse on the other portions 
of the grate. 

Mr. Bradley expresses himself very clearly and concisely, and 
on the whole his opinion serves to emphasize what has already 
been said coneeniing the long rake and the very arduous labour 
involved in properly using the same. 

It should be home in mind that to drag the material away 
from a compact mass and spread it evenly over a large grate area 
is very heavy work, and as this operation must necessarily take 
place with an open door, the stoker is exposed to intense heat ; 
it is therefore not surprising to find that there is a tendency on 
the part of the man to shirk this work, as Mr. Bradley pointa out. 
If the dragging and spreading operation is not thoroughly carried 
out, generally efficiency is impossible. 

In endeavouring to make this aspect quite clear, there is no 
intention to unfairly criticize the particular system of charging 
which we are now considering, but rather a desire to place clearly 
before the student of the subject and the sanitarian, the incontro- 
vertible fact that however expeditiously refuse may be put out 
of sight by direct charging into the cells, very arduous labour 
is in store for those below. 

The superficial observer is apt to content himself with watch- 
ing the charging process only from above, and, as compared with 
other systems which he has seen, he is at once favourably impressed 
with direct charging ; as seen from above it is not only sanitary 
and expeditious, but it also appears to be economical. 

The late Mr. John McTaggart, of Bradford, whose name will 

always be remembered in connection with many useful innovations 

in Destructor practice, was of opinion that this system of direct 

charging would be the means of reducing the labour cost to 5^. 
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per ton of refuse destroyed. Unfortunately, Mr. McTaggart did 
not live long enough to realize the difficulties which were pre- 
sented, and which to a large extent have now been successfully 
overcome ; it is also open to serious doubt whether Mr, MoTag- 
gart foresaw what labour would be involved below in the use of the 
long drag rake. 

At the present time, one is obliged to judge the system in 
question from the performance of one working example only, 
that at Shot Tower Wharf, now under the control of the City of 
Westminster; and adverting again to Mr. J. W. Bradley's report, 
the cost of labour per ton of refuse destroyed is given as ll-Sd.., 
exclusive of engineman and fireman (l&-5d.). 

As the complete figures of the test referred to will be found on 
another page, it is tmnecessary to further deal with the same 
here. It will sufiBce to say that the labour cost is high, and this 
must to a large extent be accounted for by the work below, as the 
rate of combustion was not abnormal, being only 272 pounds 
per square foot of grate surface per hour. 

It is, however, but fair to state that a quantity of market 
refuse has to be dealt with, and a proportion of this material 
would doubtless be of a bulky nature, as compared with average 
ashpit refuse. 

With this system of direct charging, although refuse is actually 
stored in the cell, the storage capacity is strictly limited. It 
may be assumed that further storage capacity in the cell is not 
practicable ; to provide the same would involve greater width 
between the clinkering floors of the cells, and consequently the 
dragging forward and leveUing of the refuse would become in- 
creasingly difficult, as this would necessitate the use of a still 
longer drf^-rake. 

Owing to the irregular delivery of the refuse and to ensure 
actual cheurging from cart to cell, the only solution is found in 
the provision of a number of extra carts in which the refuse is 
stored until required. 
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SYSTEMS OP CHARGE^G REFUSE INTO CELLS 
Mabten's Patent Charqinq Appakatds 

The first chaining apparatus devised is shown in Figs. 7 and 8. 
It is known as Marten's Patent, and is exclusively used in con- 
nection with Meldrum's Simplex, and Beaman & Deas' type of 
Destructor. 

Briefly described, the apparatus consists of a wrought iron 
hopper, placed on the top of the cell, and immediately over the 
drying hearth. On the right hand side of each hopper, a hand- 
wheel and lever is placed which operates simple toothed wheel 
gearing beneath. 

It should be pointed out, that the tipping platform must be 
practically the same height above the clinkerii^ floor level as 
with the Horsfall Direct Charged Destructor, and Bouluois & 
Brodie's Mechanical Charging system, viz. — about 18 feet. 

A cart arriving upon the tipping platform is backed against 
the tipping beam. The wheels traveUing in guide lines, ensure 
each cart tipping its contents clean through the hopper. Im- 
mediately upon the signal beii^ given from below that the cell is 
ready for a charge, the man on the tipping floor turns the hand- 
wheel previously referred to, and the hopper base 5 ft. long by 
2 ft. wide, slides clear of the opening. The load of refuse is then 
at once tipped direct through the hopper into the cell beneath. 

The cell is so arranged that the mass can be readily manipu- 
lated and levelled, it being possible both to get behind and at the 
side of the cell. Behind, where the bulk of the work is done, 
the stokers are within 3 ft. of the refuse and push it forward, this 
work being done under cool conditions, whereas with other 
systems of back and direct charging, all manipulation is done at 
the opposite aide of the cell, the stoker having to drag from a 
distance while exposed to the glare and heat radiating from the 
cell. The rapidity of charging is very remarkable, and no doubt 
to some extent the very expeditious tipping van employed con- 
tributes to this. 

At the Tooting Destructor, under the Metropohtan Borough 
of Wandsworth, where this system of direct charging is in use, 
not only is the charging got through very smartly, but the labour 
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coat is phenomenally low, being T^d. only per ton of refuse des- 
troyed. The figures of a continuous test of 120 hours, duration 
with this plant will be found on another page, and are worth careful 
perusal. 

With regard to the question of storage, the Bystem demands 
probably twice as many collection carts as under ordinary con- 
ditions, the refuse being stored in the oart«. While this is a 
very satisfactory method of storage, it involves an extra capital 
expenditure in vehicles which many authorities will not entertain. 
Cart storage is, however, not entirely confined to this 83'stem of 
charging, beii^ also the method employed with Horsfall's System 
of Direct Charging as already pointed out. 

In the event of any accident to a hopper, which, however, ia 
very unlikely, owing to the extreme eimphcity of construction, 
it is possible to at once resort to ordinary top feeding, the carts 
discharging over the tipping beam on either side of the hopper 
for the time being. 

The sliding hopper base covering the charging hole is per- 
fectly gas tight, and there is no escape of gases even while the base 
is removed during the charging operation. 

The low labour cost with this system is largely due to the fact 
that the men below work at the cool end of the cell, pushing 
the material at close quarters, instead of dragging it from a con- 
siderable distance. 

T'he actual labour involved below, although performed under 
cool conditions, is nevertheless ardnous. That the system is 
economical in labour cost is clearly shown by the very low cost 
per ton of refuse destroyed, viz., 7Jrf., and this in spite of the fact 
that in ordinary working the average rate of combustion exceeds 
60 lbs. per square foot of grate surface per hour, or over 16 tons per 
cell per 24 hours. 



Back, Hand, ob Shovel Fed Cbixs 

Perhaps the best known example of the back shovel fed type of 
Destruotor cell is the Horsfall, and it is both interesting and 
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instructive to compare actual working results obtained with this 
system and those obtained with cells of the top fed type. 

It is conceded by the makers that with the back fed type the 
fires are under more direct control, and it may be assumed that 
this is quite correct. Further, the system, of back shovel feeding 
has undoubtedly found considerable favour, and largely because 
it approaches a rational system of firing. By this of course hand- 
firing is meant. 

The very satisfactory results obtained with back feeding, 
clearly demonstrate the advantages over top feeding. Again the 
makers invariably recommend the back fed type in cases where it 
is proposed to fully utilize the power for steam raising purposes. 

With this type the refuse is shot on to the charging platform, 
or feeding bin, the level of which is usually arranged about 
eighteen inches below the sill of the feeding doors. As compared 
with the top fed type it will thus be seen that the refuse is stored 
in a comparatively cool place — a distinct advantage. 

All the material is fed into the back feeding doors, and 
deposited direct on to the drying hearth by shovel ; the actual 
labour involved in shovelling is not serious, the lift being but 
eighteen inches, as already pointed out. 

Prom the drying hearth the refuse is dragged forward on to 
the grate proper, the dragging, spreading, and levelling operations 
taking place from the clinkering floor level beneath and imme- 
diately opposite. 

The manipulation of the material must be comparatively easy, 
and far less laborious than is the case with the direct charged cell, 
because the stoker is now dealing with a comparatively small 
quantity of refuse, detached, and within easier reach. It will 
be evident that there are advantages in connection with this 
system of feeding, as compared with top feeding, which cannot 
fail to impress the close observer, and it may be safely said that 
this system of feeding will become increasingly popular. 

AlUiough the makers of the Horsfall back fed type of cell 
do not claim that any economy in labour is possible with this 
system as compared with their top fed type, yet a perusal of the 
latest available figures will serve to show that with the back fed 
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type some very low labour coat« are recorded. The general 
arrangement ib shown m Fig. 9. 



Fio. 9. Hor^fall's Destbuctor, Back, Shovel, or Hand Fed Tvpe. 

Mkldbum's Back Shovel Fed Type 

This type does not call for any lengthy description, being 
practically the same as the Horsfall type, the gases, however, 
instead of leaving the top of the cell at the front, have a aideway 
motion over the continuous grate into the combustion chamber. 
Figs. 10 and 11 illustrate the general arrangement. 

The Heenan back fed type of Destructor differs essentially 
from that designed by Messrs. Horsfall and Meldrum ; instead 
of feeding the refuse direct on to the drying hearth by shovel a hop- 
per is provided at the back of the cell into which the refuse is 
tipped direct from the cart. 

It would be idle to closely compare the two systems, because 
of the materia! difference in design and method of charging. 
With the Horsfall and Meldrum back fed cell, the charging of the 
material is readily managed, as has been described, the man 
responsible for charging having direct and convenient access to 
the drj'ing hearth and cell. 

With the Heenan type, however, the main work of charging 
must necessarily take plaice from tlie clinkering floor, the refuse 
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being dragged from the hopper base by means of a long drag or 
rake. If the hopper provided has any appreciable storage 



i MS- 







oapaoity, the drag must be so much longer and the work involved 
so much the more exhausting. The back charging hopper is 
shown in Fig. 12. 
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Appreciating the difficulties and labour thus involved in 
charging, the makers of the Heenan Destructor have introduced 
a ram which is placed outside of the hopper to push the refuse 



Fio. 12. Heenah's Dbstrul-tob, Back Hopper Fed Type. 



forward, but as this is a system of mechanical charging, It will be 
found described among the other mechanical charging apparatus. 



Top Fkbding 

In the top ted type of cell we have practically, in so far as the 
feeding is concerned, the essence of the original " Fryer " patent. 
Briefly, Mr, Fryer's original patent may be described as " charg- 
ing " or suppljring the refuse to the cells at the back, and drawing 
out the clinker or residuum at the front. 

It will be observed that the word back is used, but a glance 
at Figs. 9 and 14 will serve to make clear that while top and back 
feeding are both alike correct, the former word more correctly 
expresses now where the material was actually introduced. « 

In Mr. Fryer's time, there was no back fed Destructor as we 
understand the term now, and it is perhaps necessary to empha- 
size that the original Fryer Destructor was fed on top, as there 
is a distinct and very material difference between the two systems 
of feeding. 
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Mr. George Watson thus clearly defines top feeding — 
With top feeding the refuse in inereiy pushed blindly in.* 

In a very few words, the operation of top feeding is thus 
tersely described, and in moat systems refuse thus pushed into 
a charging hole can only be manipulated from one point, i.e., the 
clinkering floor. Where the cells are arranged back to back 
this is the case, and as it does not admit of any modification, a 
serious disadvantage thus exists, for which, owing to the method 
of construction there is no possible remedy. 

This trouble is also met with in older installations of sin^e 



row cells, fed at the top, Access is not provided to the back of 
the cell, excepting of course through the cliarging hole, and but 
little can be done in the way of useful manipulation from that 
point for obvious reasons. 

In order to clearly understand this, it is necessary to compare 
Figs. 13 and 15. How the difficulty has been got over with 
Meldrum's Improved Top Fed type of Destructor, as arranged in 
single row, may bo seen by referring to Fig. 15, If, however, this 
particular type of Destructor was arranged back to back the 
same difficulty must necessarily exist. 

Probably the most valuable modification of the top fed type 



1 Watson on Refue 
Engineers, vol. cxxxv. 
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of cell was the front exhaust introduced by Messrs. Horsfall to 
ensure that the volume of green gases, as distilled from the 
material on the drying hearth can oniy leave the furnace by 
passing over the grate proper, and commingling with the hot 
gases passing therefrom in the same direction. Fig. 13 illustrates 
the Horsfall Top Fed Type of Destructor as arranged back to 
back. 

The arrangement of the original Fryer cell was such that the 
entire volume of gases left the cell at the back, passing over a 



Fio, 14. Fhvek's Okiuinal Toi" Fed DEBTKUt-roB. 

bridge, and thence downwards direct into the main flue. Sec 
Fig. 14. 

This method of exhaust was unquestionably weak, the noxious 
gases and dust having direct and immediate access to the main 
flue, and the fact that the early installations were of the low 
temperature slow combustion type, added materially to the possi- 
biUty of nuisance. 

One of the great objections to the top fed type of cell, both in 
its original and modem form, is the presence of large quantities 
of refuse on the more or less heated top of the cells. Not only 
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is it highly objectionable to thus warm refuse exposed to the 
atmosphere, but the effect of the constant contact with heated 
surfaces is to reduce some of the naturally dry material to fine 
dust. When the mass is disturbed at the time of charging, this 
offensive dust, which may be of a dangerous character, is Uberated. 

Even if every door and window in the building is closed, with 
a fcetid dust-charged atmosphere the conditions under which the 
men have to work are very ofiensive. It so happens, however, 
that in the average Destructor building, some doors or outlets 
are constantly open, and not a few of the complaints concerning 
annoyance from Destructors may he attributed to the escape of 
dust and fumes from the building. 

It is safe to say that the top fed type of Destructor is the most 
grievobs offender in this respect, and largely because the refuse 
is not kept cool. 

There is undoubtedly a strongly growing feeling on the part of 
Municipal Engineers in favour of cool storage. If proof of this 
be needed, then it may be found in the fact that the majority 
of Destructors erected during the past few years have been of the 
hand or front feed and back shovel types, an outstanding feature 
of both being cool storage. 

It is scarcely necessary perhaps to point out that an inclined 
roadway is a general necessity for the top fed type of Destructor, 
unless a naturally favourable site be available, abnormal exca- 
vation be decided upon, or elevators be provided. The 
inclined roadway is costly to construct, occupies considerable 
space, and under the most favourable circumstances cannot be 
made to look very picturesque. Naturally favourable sites are 
the exception. Abnormal excavation is costly and often pro- 
hibitive, even if not impossible, while elevators, whether operated 
by hydraulic power, steam or electricity, must be dupUcated in 
view of the always possible breakdown and consequent stoppage. 
Again, elevators or hoists have to work under naturally unfavour- 
able conditions, and as a general rule they are roughly handled. 

Figs. 15 and 18 represent Meldrum's Improved Top Feed 
Destructor as arranged in single row. The two outstanding features 
of this make, as compared with other top fed cells in single row, 
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may be briefly summarized as follows : — Instead of dumping the 
refuse on top of the cell in contact with a hot surface, it is tipped 
on an inclined steel storage hopper, being dragged forward and fed 



Fia. 15. Meldbdk's Impboveo Top Fbd Type Dbstrqctob. 



into the charging holes as required. The advantage of this will 
be at once apparent; cool storage accommodation is secured, 
yet within easy access of the charging or feeding holes. 

Further, as doors are provided, both at the front and at the 
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back of the cell — under the storage shoot, the elinkering process 



is much facihtated. Again, when a fresh charge of refuse is 
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required on the grate proper, the material can be manipulated 
from the two opposite points. It is thus possible to charge, 
spread and level a fire very quickly, and with comparative ease, 
because the usual pulling or dragging operations are supplemented 
by pushii^ from the opposite side of the cell. 

It must not be forgotten that with the top fed cell objection- 
able refuse can be charged more readily than is the case, for 
instance, with shovel feed at the front or the hack. Where a pro- 
portion of excretal matter has to be destroyed, it would be mani- 
festly objectionable to handle this by means of a shovel. By 
feeding such material in at the top of the cell, external handling 
is to a large extent avoided, as it admittedly should be, but with 
the average ashpit refuse there is no reason, sentimental or 
otherwise, why the shovel feed should not be employed. 

We now come to the economic aspect of top feeding. It is, 
however, unnecessary to make close comparison here, because 
this may be readily done by referring to the tabular Btatements 
included. It may be said that on the whole top feeding has no 
economic advantages over front or back shovel feed. The 
average labour cost per ton of refuse destroyed is certainly not 
less, and in quite a number of instances it will be seen that shovel 
feed is rather cheaper. 



Front, Hand or Shovel Feeding 

The feeding of refuse direct from the storage hopper into the 
cell by shovel may be said to represent charging in its simplest 
and most direct form. It is necessary at the outset to clearly 
differentiate between front and back feeding by shovel, although 
manual labour and the same tool is employed with both systems, 
yet there is a very material difference. 

With back shovel fed cells, the refuse is stored loose on a 
charging platform, placed parallel with the cells, the sills of the 
back charging doors being about eighteen inches above the plat- 
form level. In the case of front feeding the refuse is contained 
in an enclosed storage hopper, placed parallel with the cells, the 
51 
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base of the hopper being eighteen inches above the floor level, and 
two feet beneath the furnace or cell doors. 

It will thus be seen that in both cases the actual labour in- 
volved in shovelling is about equal ; but whereas in the former 
case the refuse is fed on to a drying hearth, from which point it 
has to be dragged, spread and levelled later, this work being done 
from the chnkering floor level opposite, with front feeding by 
shovel, the one. operation suf&oes to place the refuse where it is 
wanted immediately. In short, the feeding operation is such 
that a level fire is obtained forthwith, and dragging, spreading 
and levelling as an additional and later operation is entirely 
avoided. 

Labour is thus concentrated at the froiit of the cell, there being 
no additional work involved at any other point. It is necessary 
that this should be borne carefuUy in mind, as it goes a long way 
towards explaining why the labour cost per ton of refuse destroyed 
is low, notwithstanding the fact that every pound of refuse is 
handled by shovel. 

The fact that the whole of the work of feeding consists of one 
operation only, is the explanation, and it will be clear that apart 
from the obvious economic aspect, extreme simphcity is a promi* 
nent feature. 

To the lay observer, shovel firing does undoubtedly appear to 
be costly, but the close student of the subject is weU aware that 
front and back shovel fed systems can successfuUy compete with 
any other system yet devised for low labour cost. 

Perhaps front shovel feeding has had its most strenuous 
advocate in this coimtry in the person of Mr. F. W. Brookman, 
the Cletrnfiing Superintendent of Rochdale. For nine years past 
Mr. Brookman has destroyed the refuse of Rochdale at a labour 
cost of l\d. per ton only, a figure dlfficiUt to improve upon under 
any conditions. 

It is now clearly recognized by those competent to judge that 
the system we are considering is economic in labour cost. Three 
years since Mr. Brierley Denham Healey, in a paper read at the 
Royal United Service Institution, expressed his opinion as 
follows — 
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It is a proceodinii; tvlitch ia not more laborious than top feeding, if 
proper arrangements are made for storing the refuse as regards suitability 
of level, and distance from tlio firing doora.i 

Front feeding by shovel ia always associated with the name 
of Meldrum, tlieso makers introducing the sjjstem, and it is still 
their speciality. It is unnecessary here to describe the type of 
cell which ia used for this system, and which largely contributes 
to the success of the same, as this is dealt with fully in another 
chapter. 

Some opponents of front shovel feeding have stated that one 
serious objection to the system is the fact that the cUnker is with- 
drawn from the same door as the refuse is fed in. Those who 
seriously put this forward as an objection must not forget that 
this is done with every steam boiler, hand fired with coal, but a 
fireman worthy of the name would not cUnker a fire five minutes 
after introducing a charge of coal, on the other hand, he would 
bum his fire down. So with the Destructor in question, the fire 
is so burned down previous to the clinkering process that vitreous 
clinker alone remains. If any doubt still exists, the reader may be 
satisfied by carefully looking into the analyses of clinker in various 
townB ; these are but typical of others, and a guarantee as to 
complete freedom from organic matter and combustible may be 
readily obtained. 

The feeding of refuse by shovel and in small quantities into 
a hot and active cell means rapid distillation, and also rapid 
ignition ; the gases being naturally small in volume, the tempera- 
ture as a whole does not materially suffer. 

The fact that with this system the cell is always active should 
be carefully borne in mind — refuse is being fed into a cell which is 
in work. Now with every other system of feeding, the cell is idle 
from the time clinkering commences until the fresh charge is 
ready for treatment. That the cell which is ever active has 
advantages over all others cannot be disputed. 

It has been often said that the secret of burning coal properly 

• TAs Economical Disposal of Town Refuse. By Brierley Denham 
Hoaley. Sl'l> Proceedings of The Society of Engineers, 1900 
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is " to fire a little at a time and often." Wbere this advice is 
carefully acted upon, the smoke trouble is unknown and a re- 
markable fuel efficiency is obtained. 

No one would be so foolish as to dump one ton of coal into a 
furnace — the result would be disastrous even if the coal was 
comparatively free from moisture ; on the other hand, it is well 
known that in the destructive distillation of coal it is best from 
every point of view to introduce the fuel regularly and in small 
quantities. The best practice in hand and machine firing clearly 
shows this. 

In spite of this there are those who would introduce large 
quantities of refuse heavily charged with moisture into cells 
which are in a comparatively cool condition. As a system which 
is diametrically opposed to the best practice in the combustion of 
coal, and that system of feeding refuse which we are now consider- 
ing, it must be judged by critical comparison of the results ob- 
tained. 

Lastly, it is claimed for back shovel feeding, and rightly too, 
that the man has direct control over the fire, but it must be 
conceded that this is also the case to a greater extent with front 
shovel feeding, because the draught and thickness of the fire are 
under the immediate control of the man who is feeding the cell. 
If, for instance, a hole or thinly covered place is detected on the 
grate, a shovelful of refuse can be immediately supphed. 

On the whole, shovel or hand feeding has many conspicuous 
advantages ; that it is becoming increasingly popular is only what 
might be reasonably expected. The remarkable strides made 
during the past few years, however, must have surprised even 
the most ardent advocates of the shovel. 



Mechanicai, Chakoino [Heenan's System) 

The Heenan back fed type of Destructor, originally charged 
in the same manner as Horsfall's Direct Charged Cell lias been 
recently modified with a view to materially reducing the labour 
involved in dragging the material from the hopper base, and 
spreading the same over the grate. 
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As will be Been by referring to Figs. 17 and 18, aramis placed 
external to the hopper base, pushing the refuse forward on to the 



Hbknam's Ram Fed Destrxictob. 



grate. The working parts of the ram are exterior to the hopper, 
the weight and guiding of the ram being taken on rollers. The 
ram is driven by a worm wheel and screw, and is put into opera- 
tion by setting a friction clutch in gear. The stroke of the ram 
is, however, necessarily limited, and refuse is such an unknown 



I Fkd Debtructor. 



and extraordinary quantity that it is too much to hope that the 
drag or rake can be entirely dispensed with. 

Again, the grate must be fairly evenly covered, and this must 
demand attention at the front with firing tools, so that on the 
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whole the sweeping reduction In labour cost anticipated oau 
hardly be realized. 

The ram ajratem of chatting does not appear to be novel ; 
a patent No. 2,062, of January 26, 1898, was granted to Mi. T. W. 
Baker, but apparently it has not been put into actual use before. 




BouLnora AKD Brodie's Patent Charqino Tbucks 
The first system of mechanical charging introduced, and 

perhaps the best known, is Boulnois and Brodie's Patent, the sole 

licensees being Messrs. Manlove, AlUott &. Co. 

The general arrangement will be clearly followed by referring 

to Pigs. 19 and 20, and may be briefly described as follows : — 




FiQ. 20. BooLNOM & Brodir'b Patent C»aimiino Truce. 



Wrought iron trucks are provided, usually 6 feet wide and 
3 feet deep, the length being determined by the amount of storage 
required. Each truck is divided into several compartments, 
each of which will contain sufficient refuse for one chaise. The 
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movement of the truck on rails oyer the cell is controlled by a 
winch and endless chain ; when it is necessary to chaise a cell one 
of the compartments of the truck is drawn immediately over 
the cell, and in such a position that the swing door forming the 
base of the truck will fall away when the sliding door over the 
opening into the furnace is removed. 

The refuse in the compartment of the truck over the opening, 
being released, falls on to the inclined drying hearth, and the act of 
replacing the sUding door over the charging hole also closes the 
swing door under the truck. 

With this system an additional platform ia necessary, this 
being about 18 feet above the clinkering floor level; from this 
point to the top of the cells is usuallyabout 1 1 ft. 8in., the additional 
height being necessary to allow free movement of the trucks 
under the tipping platform, upon which the carts come in, 
tipping the refuse direct into the trucks beneath. 

It will be readily seen that one advantage of the system is the 
portable and cool storage ; a further advantage is that the cells 
are certainly more efBcient in destroying capacity, being charged 
regularly and with a fairly definite quantity. It is true that the 
refuse has to be dragged from the drying hearth in the usual 
manner and spread over the grate. While the system is undoubt- 
edly cleanly and sanitaiy, it adds materially to the capital 
expenditure, and so far as one is able to judge from the data 
available, the labour cost per ton of refuse destroyed is not 
materially reduced. 

It must not be foi^otten that in the Destructor house the 
conditions are unfavourable to mechanism of any kind; this 
applies not only to the particular chai^og apparatus we are now 
considering, but likewise to ram feeding. If mechanical means 
of chaiging be employed, the simpler the system the better, and 
all working parts should be carefuUy protected from dust. 
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BRITISH DESTRUCTORS DESCRIBED AND 
ILLUSTRATED 

" Fryes's Improved " Destructor, embodying Messrs. 
Boui-Nois, Wood & Brodie's Patents 

THE modem "Fryer" Destructor, as made by the makers of 
the original "Fryer" Destructor, possesses several novel fea- 
tures in design and construction, and materially differs from other 
modem Destnictors with the single exception of the " Warner" 
Destructor, 

The leading features of the Destructor which we are now 
considering may be summarized as follows : — 

(a) The setting of a Babcock and Wilcox boiler between two cells, 
thiB arrangement being known a8 Wood and Brodie'H patent aystem 
of boiler setting. 

(6) Thn charging of the refuse into the top of the cell without inter- 
mediate handling, by mcauH of charging trucks which travel on raiU 
on the top of the cell. TIichc ciiarging tnickn are divided up into com- 
partments, eacli of whifli containH Riifiieient rcfiiKo for one cliarge. Each 
compartment is provided willi a liiiifcod base, wliiclt ia automat ically 
opened when the truck is brouf!))t into the rwiiiired position, over the 
charging inlet on top of tlic cHl, The charKing apparatus employed 
is that known as Meitars. BoulnoLn and Brodie's patent. The grate area 
of each cell is 25 nquare feet, and at the hack of the grate a drying hearth 
ia arranged having an area of about 20 square feet. 

After clinkcring, the refuse contained on the drying hearth 
is pulled forward on to the grate proper, it is then spread and 
levelled over the grate. The gaaes leave the cell at the side 
through an opening in the side wall of the cell next to the boiler, 
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and at once impinge upon the boiler tubes, the side wall of the 
cell forming the boiler setting. 

The boiler receiving the gases on both sides from the Destructor 
is accessible in front for coal firing in the usual manner if necessary, 
or a coke fire may be provided at this point as a cremator if so 
desired. 

The advantages claimed for the method of boiler setting 
employed are briefly as follows : — 

(1) The gases axe raised to a high temperature in the firebrick cell, 
and are passed directly into contact with the heating surface of the boiler, 
thus saving loss of heat and wear of fluee. 

(2) The gaaes after passing through the boiler ore much reduced in 
temperature and therefore in volume and velocity, and more readily 
deposit the Une dust in the large main flue, from which it is easily 
removed. 

(3) The fire grate of the boiler can be used as a cremator during the 
drying of the green cells, and afterwards aa an auxiliary steam raiser 
if at any time required. 

(4) The boiler can be used aa a steam generator, entirely separate 
from the Destructor gases in the event of any insufficiency of refuse, 
or if the cells are idle for repairs. 

(5) The Destructor cells have an alternative connection direct to 
the flues, and therefore can be used as ordinary " Fryer " cells in the 
event of the boiler being idle for cleaning and repairs. 

(6) The additional space required for the boiler is reduced to a mini- 
mum, and is equivalent to the net length and width of the boilers only. 

(7) The side walls of the cells are utilized aa the boiler setting, the 
arrangement accordingly being economical. 

Having briefly stated the advantages claimed for the design, 
we will now consider the practical working of the same : — 

Although one pair of cells with a boiler set between constitute 
" one unit," each cell must be regarded aa isolated, inasmuch as 
it cannot assist the other cell on the opposite side of the boiler. 
It therefore follows that the actual supply Of hot gases to the 
boiler cannot be constant in volume, and a considerable variation 
must inevitably result in the working conditions periodically. 

For instance, when both cells are in full work, the boiler will 

receive the maximum benefit, but when either of the two cells 

is being clinkered and newly charged, the conditions at once 

materially change. Instead of a hot volume of gases impinging 
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upon the boUer tubes from both cella, the hot volume comes from 
the active cell only, and a cooler volume from the idle cell, while 
the latter must of neceaaity reduce the efficiency of the former. 
It will be clear that, during the period of cHnkering and 
charging, there must be one active cell and one idle cell alter- 
nately, and it follows that the period of highest efficiency is 
reached when both cells are in full work. This period of high 
efficiency cannot be constant, because of the enforced inactivity 
of the cells in turn for clinkering and charging. 

That the arrangement of cells and boiler is compact will not 
be disputed, as also the claim that the minimum of radiating 
surface is exposed. It is also so far advantageous to have the 
boiler so set that it may be fired with coal, either in conjunction 
with the Destructor gases, or when the Destructor is idle. 

The practice of coal firing a boiler, which is also being fired 
with Destructor gases, has, however, been very severely criticized, 
it being contended that the fuel efficiency of both the refuse and 
the coal is reduced materially owing to the inrush of cold air, both 
through the open furnace doors when cleaning out or feeding 
fuel, and also through the cell doors during clinkering and 
charging. 

The design, however, is sure to be favoured in the case of some 
combined electricity and Destructor works, because it tends to 
reduce the capital cost. As the Destructor boilers can be used 
for coal firing as desired, it is often suggested that to begin with 
no extra boilers for separate firing shall be provided. 

The system for charging the refuse into the cella as already 
noted is unique and peculiar to this particular Destructor As 
the system is fully described in another chapter among other 
systems of charging, it will accordingly suffice if the advantages 
which are claimed for the same are just briefly enumerated. They 
are as follows : — 

(1) The carters get rid ot their loadn more quickly, through having 
a clear fall (rom the cart to the refuse. 

(2) So long as storage space remains, it can quickly be brought under 
the tail-board of the cart. 

(3) The material hi recpived from the cart and delivered direct to 
the c^, without the intervention of hand labour. 
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(4) None of the refuse as stored comeB into contact witli the heated 
surface of the cell. 

(5) The whole of the BiTangenionta are operated from the upper winch 
platform, and the men need not go down among the material. 

(6) The quantity of material destroyed per day is greater than under 
the old system. 

(7) A reduction in the number of men employed, as compared witli 
the old system of ordinary top chaining. 

(8) The whole arrangement can be kept in a clean state, and free 
from objection on sanitary grounds. 

The syatem of storage is undoubtedly cool and cleanly, but, as 
will be observed, the storage capacity is limited, and if refuse is 
delivered irregularly and carts arrive at such times as the charging 
trucks are full, storage in the carts is necessary to avoid extra 
handUng of the material. 

In stating this, cart storage is not deprecated ; it is a cool and 
sanitary system, the only objection being the necessity for pro- 
viding extra carts, which, as pointed out in another chapter, is a 
special feature of Horsfall's and Meldnim'a systems of direct 
charging. 

Records of actual work being done in many towns will be 
found tabulated herein, and these are worthy of careful perusal. 
In the case of quite a number of installations where the power 
is being fully utilized for electric lighting, electric traction and 
sewage pumping, it will bo observed that very satisfactory results 
are being obtained. 

The general design of the " Improved " Fryer tj-pe of cell, 
embodying Messrs. Boulnois, Wood and Brodie's patents, is 
illustrated in Figs. 19 and 20. 

Warner's " Perfbctus " Destructor 
Tliis Destructor possesses some few points in common with 
the " Fryer " type. The cells are, however, larger, and a boiler 
of the multitubular type is almost invariably used instead of a 
water-tube boiler. 

The cells are usually arranged back to back, excepting in 
the case of rery small installations, and top charging is an essential 
feature, small charging hoppers being provided immediately 
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over the drying hearth, the hopper base being just above the 
reverberatory arch over the hearth. The hopper base plates 



are hinged, and the opening and closing of the baseplate as required 
is controlled by an arrangement of simple hand levers on top of 
the cells. 



Fio. 22. Wakner's Destrcctob, TopFrd Type. 
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The gases leave the cells at the side, through an exhaust open- 
ing, coming into immediate contact with the boiler. In all 
modern installations forced draught ia provided, Sturtevant Fans, 
driven by high speed vertical ei^inea, being usually employed. 

Figs. 21 and 22 clearly indicate the 
general arrangement of two cells arranged 
back to back, these being of the ordinary 
top fed type, while Fig. 23 illustrates a 
later arrangement, which provides for 
direct changing from cart to cell, with 
storage in the cell. 

It will be observed that this design is 
similar to Horsfall'a system of direct 
charging, the refuse having to be mani- 
pulated from the front (i.e., theclinkering 
floor), and the same difficulties which 

were met with in Horsfall'a original design are likely to be 
presented again with this system. As the difficulties inseparable 
from systems of cell storage are fully dealt with in another 
chapter, it is unnecessary to further discuss the same here. 

The Warner Destructor, as originally designed, was somewhat 
similar to the early Fryer Destructor, the cells being erected 
either in single row or back to back, the boiler being placed 
between the cells, and the chimney in the main flue. The later 
arrangement of setting a boiler l>etween every two cells dates from 
1892, about which time also forced draught was first introduced 
in connection with this particular make. 

Although a considerable number of Warner De.8fcructor8 have 
been erected, many are of the early type. Compared with some of 
the more recently introduced Destructors, no great headway has 
been made in the prcxluction of power. 



Fig. 23. Warner's 

DESTHucToit, Direct 

Chakokd Type. 



Hobspall's Desteuctors 

The Horsfall Destructor will always be remembered as the 
first high temperature Destructor, and its advent marked a new 
era in the disposal of refuse by fire. Although the name of 
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UorBfall is always associated with the first high temperature 
Destructor, yet the temperature obtained many years ago, 
although high by comparison with the earlier low temperature 
natural draught Destructors, was not ao high as that now reached 
with the best of modem Destructors. 

I That the advent of the high temperature Destructors gave an 
immense impetus to final and sanitary refuse disposal is beyond 
all question, and it may be safely said that had we not yet adopted 
high temperature working in this country, our own position to-day 
in so far as sanitary Refuse Disposal is concerned, would be no 
more satisfactory than is the case in America. 

As the pioneers of the high temperature sj'stem the Destructors 
made by the Horsfall Company are of peculiar interest. At the 
present time no less than three distinct types of Destructors are 
associated with the name of Horsfall (1) Back, shovel or hand fed 
type, (2) The top fed type, and (3) A system of direct charging 
from cart to cell, this being a modification of the top fed type. 
All three systems are fully described in the chapter dealing with 
the various systems of chaining in use. 

It is not surprising that the first high temperature system 
should be popular, and great credit is due to the makers, not only 
for this valuable and far-reaching innovation, but also for improve- 
ments in design which have contributed not a fittle to the present 
satisfactory position of this country, in so far as final and sanitary 
Refuse Disposal is concerned. 

To briefly refer to one feature in design, which was generally 
admitted to be a great improvement — the front exhaust. One 
baa only to compare Figs. 13 and 14 to at once appreciate the 
value of this improvement. Instead of the gases as distilled 
from material on the drying hearth being permitted to at once 
pass out of the cell into the main flue, the direction of exit was 
reversed, the green gases being caused to travel over the active 
grate before leaving the cell, and only passing from the cell into 
the exhaust flue intermingled with hot gases, excepting, of course, 
at such times as the cell may be idle. 

Even those who doubt the utility of the drying hearth at all, 
will admit that, having a drying hearth, the front exhaust is a 
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necessity. Ten years ago, when critical comparison was fre- 
quently made between the earlier systems and this new departure, 
those who had occasion to study the matter even superficially 
were speedily convinced as to its superiority. Other features 
peculiar to the Horsfall Destructor, such as the side air boxes, are 
dealt with in another chapter ; that these are useful for preventing 
the adhesion of clinker to the side walls of the cell has been amply 
demonstrated. 

Within the past two years, coincidently with the developments 
made in the production and utilisation of power from refuse, the 
back shovel or hand fed type of cell would appear to have been 
more popular on the whole than the top fed type. It may, there- 
fore, be of interest to quote Mr. George Watson's conclusions 
concerning the relative advantages of the two systems : — 

There is practically no difference between the two Bystems in regard 
to economy of labour. . . . The work at the front Ib similar tor both 
types of furnace, and coneiets in pulling the rcfutie forward and spreading 
it over the fire with a long handled iron r^c' 

It being admitted that back hand feeding possesses no economic 
advantages over top feeding, its popularity must perforce be 
attributed to other considerations. In the chapter discussing 
various systems of charging refuse into cells, the author has 
endeavoured to show what the real advantages are. 

That the very best results recorded with the Horsfall De- 
structor are being obtained with installations of the hack hand fed 
type is very evident. By beat results is meant efficiency in power 
generation, and also the production of a good hard clinker. 

In order to clearly appreciate the difference in the design and 
arrangement of the top and back fed types it is necessary to 
compare Figs. 9 and 13. Many installations of both the top and 
back fed types are herein described, details of several evaporative 
tests are also included. The reader will find much of interest 
therein, and not only in connection with installations where the 
power is fully utilised. 

' Watson on Refuse F-umaces. Sec Proceedings of The Institution 
of Civil Engineers, vol. cxxxv., 1898-99, Part 1. 
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Mblprum's " Simplex " Reqenbsativr Destbuctoe 
The first Destructor of this type was erected about nine years 
ago at Rochdale, since which time various minor improyements 
have been adopted. The main features, however, such as front 
feeding by shovel, the continuous grate, and the regenerative 
system of air heating have all been retained and perfected. 

With the system of continuous grate and divided ashpits, the 
principle of " mutual assistance " is embodied in its entirety. 
As will be seen by referring to Fig. 24, instead of small or- 
dinary cells divided one from the other, one large furnace 
chamber is provided, but below the grate divided ashpits are 



h's StHPLKx Rehrherativr Dehtruli 

OR Shovel Fkd Type. 
Khowlng I>iis8BKe or Oosch. and Air for Con 



arranged, each ashpit being provided with two steam jet blowers 
fitted into a downtake box communicating with the air conduit, 
which is common to the series of ashpits. 

This arrangement of blowers ensures silent working of the 
forced draught, and as the blowers in each ashpit have a separat4> 
.st«am connection, the fires on each section of the continuous grate 
area arc under separate control. 

As usually arranged, the whole volume of gases have a sideway 

motion ; thus the vohime of gases passing from that section of the 

grate on the extreme left must pass over and intermingle with 

the hot gases proceeding from the other sections of the grate, the 
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whole volume of gases moving in the same direction towards the 
combustion chamber. 

When a fresh charge of refuse is introduced on to either of 
the two middle sections of the grate, with active sections on the 
right and left, the newly charged refuse quickly ignites in the 
zone of active fire. Charging the section on the extreme right 
in its turn, the hot volume proceeding from the active three- 
fourths of the grate must pass over and intermingle with the 
comparatively small volume of cool gases distilling from the newly 
charged section. 



Fio. 25. Meldhitm'3 Simplex Regenerative Desthdctob, Fbont H\: 
OR Shovel Fed Type. 
Kluvation of Boiler and Hogciierulor. 



It will thus be aeen that the cell is ever active ; the example 
here illustrated is known as a four grate unit, three-fourths of the 
cell always being in full work. With a three grate unit, two- 
thirds of the cell are always active, and with a two grate unit, one- 
half of the cell is always in full work. 

It is thus that a high temperature is maintained in the cell, 
the maintenance of high temperature being automatically secured. 
To a great extent the use of hot air for combustion is also 
beneficiat, quickly absorbing moisture and promoting rapid 
ignition. Experiments with very wet refuse have shown that 
with cold air supplied to the blowers the fire would die out, while 
with air heated up to .tOO'" Pahr., rapid combustion could be 
maintained. 
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Ab will be observed by referring to Pig. 25, after the vohime 
of hot gases leave the boiler they immediately pass through the 
regenerator or continuous air heater. The regenerator consists 
of a battery of staggered cast iron pipes. The hot gases pass 
vertically downwards through the pipes into the main flue, 
thence direct to the chimney unless an economizer be also 
provided. 

Cold air is admitted to, and circulates around the outside of 
the regenerator pipes, being drawn therefrom through an air 
conduit by the steam jet blowers, which then force the volume 
through the fires. The temperature of the gases after leaving 
the regenerator is sufficiently high to permit of an economizer 
being installed for heating the boiler feed water. 

It will thus be seen that having secured and maintained a 
high temperature in the cell, it is not only possible to generate 
steam in the boiler, but also to heat both air and water. With 
such an arrangement some 1,600° Fahr. will be absorbed be- 
tween the combustion chamber and the chimney, the gases 
being reduced in temperature from about 2,000° Fahr. to 400° 
Fahr. 

Although front hand or shovel feeding is usually associated 
with the particular Destructor we are now discussing, it will be 
seen by referring to Figs. 16 and 16 that a system of top feeding 
can be used while still embodying the leading features of the 
continuous grate, combustion chamber and regenerator. Simi- 
larly also a system of back shovel or hand feeding may be adapted, 
see Figs. 10 and 11, likewise Marten's direct charging system 
as illustrated in Figs. 7 and 8. It is unnecessary to here discuss 
the advantages of the various systems of charging, these being 
fully dealt with in a separate chapter. 

The details of a number of evaporative tests made with 
Destructors of this tj-pe in various parts of the country, together 
with illustrations of steam pressure charts and temperature 
recorders, serve to clearly show that excellent results are being 
obtained, which are in no small measure due to the facilities 
provided for securing and maintaining a high temperature in 
the cell. 
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Meldrum's " Bbamam & Deas " Type of Desteuctob 
This was one of the first high temperature Destructors, being 
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introduced at a time when but little progress had been made in 
the adoption of high temperature cells. About nine years ago, 
when the first installation was made, many municipal engineers 






gravely doubted whether it was possible to secure the results 
then claimed. 

Time, however, has but served to show that a temperature of 
3.000° Pahr., which was then disputed, can be very easily 
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obtained, and likewise a combustion of 15 tons of refuse per cell 
per 24 hours can be readily exceeded. 

In essential principles the Beaman & Deas tjrpe of Destructor 
is the same now as it was in the beginining ; a few minor improve- 
ments have been introduced, all of which tend to facihtate the 



Fio. 28. Mei,drom'b ■' Beaman A Deas " Tvpe Dbbtrvctob. 



manipulation of the refuse when in the cell, and to improve the 
combustion thereof. 

As usually arranged, the Destructor in question comprises a 
pair of divided cells, with a combustion chamber, common to 
both cells, and a Babcock and Wilcox boiler, set behind the com- 
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bustion chamber. The ordinary arraDgement of the cells ie 
shown in Figs. 26, 27 and 28. If desired, the refuse may be 
contained upon a storage shoot, or in a storage bin clear of the 
cells, being dragged forward and charged in as required. A 
further modification is the inclusion of Marten's system of direct 
charging, which arrangement may be seen in Figs. 7 and 8. 

The grate area of each cell is 26 square feet, and a spacious 
drying hearth is provided at the end of the cell furthest from the 
combustion chamber, so that green gases as distilled must pass 
over thfe active grate before entering the combustion chamber. 

Fan forced draught has always been employed, and some very 
high rates of combustion have been reached. In a test at St. 
Helen's, it will be noted that over 100 pounds of refuse was de- 
stroyed per square foot of grate surface per hour. 

The provision of a common combustion chamber with the 
alternate system of charging, ensures the mixing of the gases in 
the combustion chamber, and each cell in its turn is therefore 
helpful to its neighbour. Direct access is given to the drying 
hearth, and from this point the refuse is pushed forward as 
required and spread over the grate. The cell is clinkered from 
the side, and a reasonable concentration of labour is thus secured. 

As a top fed system, embodying the drying hearth and fan 
draught, it will be found interesting to compare the results with 
those obtained with other Destructors of the top fed type. 

Bakeb's Improved Destructor. 

This Destructor was introduced about four years ago, and up 
to the preeent, so far as this country is concerned, the practical 
working of the same has to be judged by one example only, a 
two cell plant, erected at Phoenix Wharf, Lambeth, under the 
Metropolitan Borough of Finsbury. 

Internally this Destructor differs essentially from all other 
British makes. Two inclined grates are provided, one above the 
other. The cells being chained at the top, the refuse immediately 
falls on to the upper grate, which constitutes the drying hearth. 
At tiie opposite end of this grate, access doors are provided for 
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the manipulation of the material on the upper hearth or grate, 
and from this point it is dragged forward over the end of the 
grate as required and again spread over the secondary inclined 
grate beneath. 

In contra-distinction to all other systems with which drying 
hearths are used, with this type all fumes from the drying hearth 



Fia. 20. Bakbr's Ihtiioved DesTRUtn'OR. 

are exhausted by the forced draught fan and delivered with the 
air supply under the secondary grate. This is a good feature, 
inasmuch as it entirely avoids the neutralizing effect upon the 
cell temperature which must obtain when low temperature gases 
are constantly being liberated in a cell where active combustion 
is also in progress. By this is meant single cell systems with 
which the drying process is constant in every cell. 

Fig. 20 clearly illustrates the general design -, it will be observed 
that considerable depth is demanded, and further that the opera- 
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(ion of the cell necesBitates labour at three different levels : 
{^)on top of for charging ; (fi) intermediate stoking at the back, 
and (C) levelling and clinkering below at the front. This is not a 
satisfactory feature, as it prevents that concentration of labour 
which is always a source of economy. 

Whether the very ample cell storage will prove satisfactory 
yet remains to be seen ; past experience would incline one to think 
that difHcuIties will be presented, owing to the swelling action 
of the heat radiated from below, and also because of the great 
weight of material above a somewhat restricted opening at the 
hopper base. 

There are many novel features embodied in the design, and it 
will be interesting to clearly follow the results obtained in actual 
practice. The plant here illustrated differs considerably from the 
one working example in London, mainly, perhaps, in the provision 
for storage of refuse in the cell, a departing which has always 
involved trouble wherever yet tried, in addition to increasing the 
labour cost. 

The " Sterling " Refuse Destructor. 

This Destructor, which was introduced about three years ago, 
is not unhke the Beaman and Deas type in general design, and has 
given very satisfactory results. 

The cells are usually erected in pairs, the combustion chamber 
being placed between two cells, whereas with the Beaman and 
Deas type the combustion chamber is arranged at the back of the 
cells, and between the cells and the boiler. 

In the case of larger installations, while the " pair " system is 
still retained with the cells, the arrangement is such that either 
4 or 6 cells discharge their gaseous products into one combustion 
chamber. 

Each cell is provided with a drying hearth, the grate proper 
havii^ an area <^ 25 square feet. Fan draught is always employed, 
and usually Babcock and Wilcox boilers are set in connection with 
the cells in preference to any other type of boiler. 

The storage of refuse in carts is recommended, but as already 
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pointed out in another chapter, tlus Bystem of storage has com- 
mended itself to but few authorities up to the present, owing to 
the increased capital expenditure involved. 

In the case of one or two installations, a system of transporters 
and storage bins has been provided, notably at Hackney and 
Aston Manor. Some actual working results obtained witli these 
and other installations are referred to elsewhere, and these are 
worthy of careful perusal. 



Hebnan's " Twin Cell " Destructor. 

This Destructor was introduced about three years since, 
being at that time a modification of the " Bennett Phj^hian " 



Pio. 30. Heeman's Twis-Cell DESTHUfrrou. 

Destructor. The essential principle of the Destructor is conveyed 
to the reader in the term " Twin Cell," and the modifications of 
the original type have all in the main been introduced with a 
view to securing and maintaining a high temperature in the 
ceU. 

To some extent the design has been simplified, and while 
this has been accomplished, it has not involved any sacrifice in 
general efficiency. As will be observed by referring to Fig. 30, 
cells are erected in pairs, and while each cell has its separate 
ashpit, the two cells form one continuous chamber, divided 
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only above tlie grate level by a shallow bridge between each 
grate. 

Each cell haa a grate area of 30 square feet, and as with 
Meldnim's system of continuoua grate, so with the syBtem we are 
discua'jing, a drying hearth tB not used. Forced draught is 
provided by means of centrifugal fans, either electrically or 
steam driven, and hot air is supplied for combustion, the air 
being heated in passing through a continuous air heater, known 
as Howden's system, which method of air heating has been 
extensively used in connection with forced draught for marine 
boilers. 

In the case of the earlier installations, the refuse was tipped 
direct from the cart into a back storage hopper, from which the 
material was dragged over the grate by means of a rake, this 
operation being performed from the clinkering floor immediately 
opposite. The Heenan " Twin Cell " Destructor may therefore 
be termed a back fed Destructor (see Fig. 12). 

While the charging of refuse into a closed storage hopper has 
its advantages, it will be clear to the reader that the hopper feed 
is always liable to give trouble, for reasons already indicated. 

When the material becomes hot, and accordingly swells, it is 
difficult to move, and when it is only possible to manipulate the 
mass from one point, and that by dragging from a distance, 
the disadvantages of hopper charging at once become evident. 

Even when refuse is cool, it will constantly " bridge " over In 
wide hoppers ; it is then dangerous to attempt to dislodge the mass 
from below even if it is accessible from the underside. To break 
through the same from above is often found very difficult, and 
when dislodged the impact of the fall is such as to oompress the 
mass at the hopper base. 

It would appear that the makers of the Heenan " Twin Cell " 
Destructor clearly appreciate the difRculties involved in the 
hopper feed, as they have recently introduced a charging ram 
which is arranged to push the refuse forward from the base of the 
hopper (see Figs. 17 and 18). This method of charging is further 
discussed in another chapter. 

That the Heenan Destructor has been successful, may be 
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mainly attributed to the design and the use of hot air for combus- 
tion. The principle of " mutual assistance " has been kept 
carefully in mind and embodied in the design, with the result 
that the system has quickly become popular. 
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Chapter VI 

LABOUR COST 

THE labour cost in connection with Destructors is a factor 
of great importance, and demands careful consideration ; 
but it is a great mistake to single this one factor out as the main 
or only basis for compaiison between two or more systems. 

Being a standing charge, it calls for serious attention, but it is 
obviously absurd to lay down the principle that, because with 
one system it is guaranteed to destroy refuse at Sd. per ton as 
against \0d. per ton guaranteed with another system, the 
former is of necessity the most economical. With the latter 
plant, twice as much steam may be guaranteed, or the cUnker 
may in the one case be poor, and in the other case vitreous, and 
commercially speaking very much more valuable. 

Again, the question of depreciation is a factor which must 
be recognized; recent reports serve to clearly show that with 
some systems the cost of repairs is considerably higher than others. 
It will thus be evident that a possible economy in bare labour 
cost for destruction should not be considered apart from various 
other factors. 

The writer has an instance in mind of two recent installations 
of the high temperature type in a Northern city. Both Destruc- 
tors are of the top feed type, but the systems are different ; the 
two installations are scarcely two miles apart, and yet in one 
case the whole of the clinker is disposed of at 28. Qd. per ton at 
the works, while in the other case the cUnker is valueless and 
produces practically nothing. 
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This case is not an isolated one, nor ia it overdrawn. At the 
present time and for some three years past in connection with a 
Destructor in one of the Metropohtan Boroughs, the chnker is 
freely disposed of on the premises at Is. 9d. per cubic yard. 
Five miles away, in another Metropolitan Borough with a different 
type of Destructor, not only is the clinker too soft to command a 
market, but at least 2a. per ton has to be paid to get rid of it. 

Instances such as these only too clearly show that in this 
respect alone it might be wise to choose one type of Destructor 
rather thsin another, even if the guaranteed labour cost was 
higher. 

If for purposes of argument we assume that -3 of a 
penny is a fair price to fix as the value of each unit of electricity 
generated, and that a ton of average refuse is equal to the produc- 
tion of 30 electrical units, such refuse then has a fuel value of 
lOd. per ton. If one maker guarantees this output and a labour 
cost of lOd. per ton, while another maker only guarantees 15 
units at a labour cost of 8d. , it will be easy to determine which will 
be the best investment for the authority, and accordingly for the 
ratepayers. 

Experience generally shows, also, that where the greatest 
amount of power is produced, there also is the best clinker pro- 
duced, so that on the whole a guaranteed low labour cost must be 
closely investigated, and only considered with a full knowledge of 
the other important factors involved. 

In the case of a sewage works where it is proposed to erect a 
Destructor, it may be desirable to utilise the clinker for bacteria 
beds. This being so, the very best clinker is essential, and in 
every such case, if necessary, it would be policy to pay even some 
few pence per ton extra for labour cost to ensure the production of 
suitable chnker. 

The broader issues must receive consideration, mere labour 
cost alone ia deceptive ; it is of the liighcst importance that the 
whole of the factors be taken into account. If this be done then 
that wluch at first sight appears to be advantageous, may be 
very seriously discounted even if not entirely obliterated. It is 
necessary to emphasize the importance of this because so much 
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has been said and written concerning phenomenally low labour 
cost, that far too much importance may attach to what is only 
after all a factor. 

There is ample evidence available to clearly show that even 
with refuse practically uniform in composition, some Destniotors 
are very much more satisfactory than others in power production, 
and also in the quaUty of the residuum. Difference in design will 
to a large extent account for this : the higher and more equable 
the temperature, the greater and more satisfactory is the power 
production and the more virtreous the clinker. 

It is quite possible for two modem Destructors of different 
types in one town to show very different results in steam raising, 
and also a residuum differing in character and accordingly in value. 
Although this may be doubted by the layman it is nevertheless a 
fact, nor is it remarkable when one looks carefully into the matter, 
critically comparing the difference in design and general arrange- 
ment. 

Destructor makers are often invited to guarantee the cost of 
labour when they are not at all familiar with the rate of wages 
ruhng in the town, and as the various systems are so different, 
not only in the methods of charging, but also in the rate of com- 
bustion, or guaranteed capacity per cell, it would seem that a very 
much fairer form of guarantee would be for each maker to he 
invited to state how many tons of refuse could be handled by one 
man in a shift of 8 or 12 hours as the case may be. 

To ask for a guaranteed labour cost per ton of refuse destroyed, 
is often to ask for a guess, or to practically ask for a figure which 
the Destructor maker may deem a safe one by comparison with 
what is being done with a similar plant elsewhere. That the 
wages paid to stokers and chargers do vary considerably in 
various towns will be clearly seen by referring to the appended 
table. 
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COMPAKATIVB STATEMENT SmOWINQ RATB OF WaOES PaID 

AND Number of Houbs Worked Weekly in coKNEcnoN 
WITH Refuse Destructors in 28 Boeoughs.* 





8Wker«' 


Chamon.' 


Xaii.fl of Town 


WW! 


Wa»reBper 




perHout 


hour 


Bradford . 


Id. 


6id. 


Birkenhead 


6-M. & Id. 


452rf. & 4fllrf. 


Biniiingham 


OM. & Id. 


576d. & Bd. 


Blackburn 


6d. 


— 


Bolton . 


S-5M. 





Bristol 


7-73d. & 8 4d. 


_ 


Burnley . 


6M. 


5-M. 


Bury 


6Sd. 


— 


Colne 


«d. 


55d. 


Darwen . 


6Sd. 


_ 


Derby 


4-64d. A. 503d. 


4-64d. &. 503d. 


Edinburgh 


l-5d. 


Id. 


Olaagow . 


4 75d. A 4-9Sd. 





Hyde 


5-15d. 


M. 


Hudderefield . 


6M. 


sad. 


Leeds 


7-75d. 


— 


Liverpool . 


8-4M. 


4-54d. 


Mancheeter 


675d. 


— 


Nelson . 


«d. 


S-5d. 


Newcaatle-on- 






Tyne . . 


n-62d. 


5-62rf. 


Oldham . 


7-6d. 





Preston 


S-58d. 


4-98d. 


Rochdale . 


7-2M. & 6 M. 





Salford 


5-35d. 


4-71d. 


Sheffield . 


8-7Brf. 


6-2M. 


St.. Helens 


6cJ. 


Slid. 


Warrington 


514d. 


3-8d. 


Wigan 


fi'72d. 


— 



Number 
at boon 



It will be observed that the stokere' wages vary from 4-64d. 
per hour at Derby to 775d. at Leeds, and even aa high as 84d. at 
Bristol ; it is therefore obvious that if a Destructor of the same 



1 Compiled by tho late Mr. John UcTaggart of Bradford. 
8l G 
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type as that in uae in Leeds were installed in Derby the labour cost 
for destruction would be substantially the same, and it therefore 
follows that if the Derby Destructor is operated at a much lower 
labour cost per ton destroyed than is the case at Leeds, then such 
a difference in favour of the Derby plant is no argument in favour 
of the particular type of Destructor in use there, but, on the 
other hand, may be entirely attributed to the cheaper labour 
available. 

It is very necessary that this should be borne in mind because 
the controlling factor in any one town must inevitably be the rate 
of w^es paid in that town. It will be clearly seen by referring 
to the tabulated statement that the rate of wages paid per hour 
in different parts of the country for practically the same class of 
work varies between fairly wide limits. 

Some few years since it was urged that the labour cost for 
destruction would be very much higher if the power was fully 
utilized than was the case where the refuse was merely destroyed 
without any attempt being made to utilize the heat. 

As with other more or less plausible theories advanced at the 
same time, so with this: experience has clearly shown the exact 
contrary to be the case, and if careful averages be taken it will 
be seen that even in the gross labour cost, the modem Destructor 
combined with a power plant is no more costly for the labour 
involved in actual destruction than is the case with the Destructor 
pure and simple. 

Then if the value of the power produced be taken into con- 
sideration, the theorist must at once admit that his calculation 
was very wide of the mark, the net labour cost for destruction 
being so low that even the most rabid partisan must allow that 
it is wanton waste to discharge high temperature gases into a 
chimney without any attempt at utilization. 

With the great developments in the mechanical handling of 
materifd of every kind, there has been a constant demand for Bome 
mechanical means of handhng refuse. Although great stress is 
at times laid upon the sanitary advantages accruing from mechani- 
cal handling of refuse, the underlying motive has unquestionably 
been a desire for reducing the labour cost. 
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Generally speaking, up to the present time mechanical appara- 
tus for handling refuse has but a poor record, not being altogether 
successful from the sanitary standpoint, and certainly showing 
no advantage in reduced labour cost. 

To briefly deal with the sanitary aspect first, average refuse 
is of such composition that it is impossible to feed every portion 
into a cell. Old galvanized baths and pails are frequently met 
with, also large earthenware utensils and large tins. It is essential 
that these should be picked out, being not only useless for power 
production, but tending to choke the fire. Such articles are 
more eaaily handled when cold than after being in the cell, there- 
fore a certain amount of handling is necessary. 

To this extent mechanical handling is not final and, as is 
explained in another chapter, expeditious mechanical or direct 
charging involves greater labour below on the clinkering floor 
than is the case with ordinary systems of charging. 

If the actual charging process represented the whole of the 
work involved, if picking over the material were entirely avoided, 
if the one operation of chcu^ing the whole of the refuse in at the 
top or back of the cell, as the ca«e may be, were practicable and 
final, then the process would be perfect from a sanitary point of 
view and undoubtedly very low in labour cost. 

However, this is not so, and in addition to the sorting process, 
the mechanical handling of such material in transporters or 
conveyors — the tipping from one receptacle to another — means a 
dust-chaiged atmosphere, quantities of dust being hberatod, 
and contributing in no small degree to the discomfort of the 
staff. 

Mr. John Brodie, A.M.I.C.E., the eminent City Engineer of 
Liverpool, in a paper read at the Liverpool Congress of the 
Sanitary Institute on September 25, 1894, made the following 
observations concerning the handhng of refuse by conveyors, etc. 

Experience with this class of material shows that, owing to its varying 
nature as received from the carts, difficulties arise when attempts are 
made to deal with it by means of tapered hoppers, and that it is usually 
quite unsuit«d for conveyance on mechanically moved bands or con~ 
veyors, unless the larger and more stringy matcorials ore first removed. 
S3 
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The extraordinarj' high labour cost in connection with such 
Bystems is an all-sufficient answer to those who insist that labour 
is reduced. Some of the figures here quoted are alarming and 
alm<»t incredible, but in every instance they have been t^ken 
from official returns and may therefore be accepted as authentic. 

It is true that nine years have elapsed since Mr. Brodie clearly 
expressed the very limited utility of mechanical apparatus for 
handhng refuse, but refuse is quite as extraordinary in composi- 
tion now as it was then, even if not more so. That curious medley 
which goes to make up average civic waste defies satisfactory 
handling by means of any apparatus devised for handling an 
unvarying material ; a roll of linoleum may be followed by some 
loose straw and some garbage or garden waste by a disused bath 
or mattress, refuse being anything but homogeneous in character. 

The economy in labour which results from the employment 
of conveying apparatus for homogeneous material is largely due 
to the automatic character of the installation, and because the 
minimum of labour and attention is required. With refuse it is 
impossible to rely upon automate charging or discharging, 
and thus to a large extent the utility of the conveyor is not 
realized. 

It is idle to disguise the fact that unless an installation of 
this kind in connection with a Refuse Destructor fulfils its object, 
which is primarily an economic one, it is an unwarranted waste 
of public money. Mechanical handling of refuse will doubtless 
always appeal to the lay mind, but this will not do ; unless the 
economic desideratum be realized the system cannot be deemed 
satisfactory. 

It has been suggested that the class of labour employed in 
connection with Destructors is the very lowest — the dregs of 
the labour market, and further that it is a difitcult matter to 
obtain the necessary men. It would be idle to pretend that every 
stoker and charger is a man of refinement, but as a class they 
are respectable and will favourably compare with those engaged 
in other more pleasant occupations and earning a similar wage. 
To suggest that the men engaged in dispasing of civic waste 
are the dregs of the labour market is absolutelv untrue, and it is 
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a libel on a body of men whose toil is arduous and whose wage is 
well earned. 

Although the work is not of a pleasant character yet there is 
no scarcity of labour, nor is there any sign that such will be the 
ease. It is true that wages have an upward tendency, but is not 
this also the case all round ? With an advancing wage a greater 
quantity of refuse is dealt with per man, and so the labour cost 
does not increase in the same ratio. 

The late Charles Kingsley once said that those who have to 
do with the disposal of the waste of a community should be the 
best paid members of the community. While perhaps but few 
would he inclined to agree with the great poet and novelist, 
yet it will be generally conceded that such an occupation deserves 
at least a good living wage. 

Generally speaking the working hours are reasonable and a 
living wage is paid.' According to the tabular statement pre- 
pared by the late Mr. John McTaggart of Bradford early in 1901, 
the averages of 27 destructor installations work out as follows — 



Number of Hours worked weekly- 
Stokers 

Cliargers 

Mortar Mill Men 

Yard Men and Labourei's 
Rate of WageH per liour — 

Stokers 

Chargers 

Mortar Mill Men 

Yard Men and Labourers 



r>7'00 

S4'34 
54-82 



5lSd. 

5-51rf. 
61 Id. 



Eight hour shifts are becoming increasingly popular, and it 
may be reasonably urged that an eight hour day for the class of 
work in question is sufficiently long. In a few towns, however, 12 
hour shift* are worked. Darwen is a case in point, but here this 
question was decided by the men themselves, with the result 
that they earn 39«. each for a week of 72 hours — six 12 hour 
shifts, day and night shifts being taken in alternate weeks. 

' Sec The Surveyor and Municipal and County Engineer, April 26, 
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On the whole it may be said that in spite of the adtnittedty 
unpleasant nature of the work and the fact that there are syetems 
in use ranging from simple hand or shovel feeding to an elaborate 
and complex system of mechanical handling, there is no labour 
problem to be faced. 

Notwithstanding the fact that a wide difference exists between 
the old type of Destructor, pure and simple, and its modem and 
perfected prototype combined with an Electricity Station, 
Sewage Works or Water Works, yet year after year the work 
proceeds smoothly and labour troubles are practically unknown. 

It has been suggested that instead of paying a fixed rate per 
hour or per shift to stokers, that they be paid so much per ton 
of refuse passed through the cells. In one or two towns this 
system has been introduced, and on the whole it appears to work 
satisfactorily, but as a general rule such systems cannot be recom- 
mended. 

Unless the supervision is of the very best there is a constant 
danger of the primary object of the Destructor being thwarted, 
the men are naturally anxious to earn as much as possible in a 
shift, and " rushing " the fires may be resorted to, with the reeult . 
that the cUnker is not only too soft for utilization but is also 
very offensive. 

While this system of payment may have the effect of inducing 
smarter work in charging and cliukering, and so may conduce to 
steadier steaming, if the primary purpose of the Detractor be not 
fulfilled it is not worth consideration. The payment of a fixed 
rate per hour obviously does not call for the maximum of effort, 
but it does conduce to a regular cycle of operations, which is of 
the very highest importance. 

Needless to add, clockwork regularity is an essential; and 
should be insisted upon. Adequate control of labour and careful 
management is of the highest importance. In one town a bonus 
is given to the men for every ton destroyed in excess of a given 
quantity, and although in this particular case the result has been 
entirely satisfactory, yet on the whole it is a system which cannot 
be recommended for general adoption. 

The great danger tmder such a system is precisely the same 
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as that already indicated when the weight of refuse dealt with 
forms the basis of remuneration. A given weight of average 
refuse demands a certain period for proper treatment within the 
cell, and nothing should be allowed to influence " rushing " 
tactics. Each man should handle a given weight of refuse per 
shift and no more, and no incentive should be offered to stimu- 
late an energy which may defeat the primary purpose of the 
Destructor. 

Although, as already observed, labour cost is but one factor 
among many, yet it is of interest to review actual costs now 
obtaining. The various figures here quoted while being of great 
interest are of necessity somewhat at variance inasmuch as, 
although in every case they apply to bare labour cost only, yet 
the conditions obtaining are in some instances antagonistic to low 
labour cost, while in other cases the conditions are eminently 
favourable thereto. 

The analyses quoted are, however, of general interest, and they 
will serve to explode some few fallacies. Further, auch figures 
not being those quoted by Destructor makers will have the effect 
of clearly placing before the student of the subject reliable data. 

This statement is not intended to cast any reflection upon 
the figures quoted by Destructor makers, but it should be borne 
in mind that such figures as a general rule refer to tests only, and 
not to extended periods of working under normal conditions. 

Gienerally speaking test^ are conducted under more or less 
artificial conditions, and therefore a labour cost demonstrated 
durii^ a short test may be very misleading ; it is for this reason 
that in the compilation of the labour costs here quoted teat 
figures, (unless confirmed by actual working experience) have 
been omitted. 

Taking Destructor installations and grouping the same as 
follows, we get the undermentioned averages — 

(a) Top Fed Systems. (6 Makes.) 

The average of S6 installatione gives a labour cost of 13'54 pence 
per ton. 

(b) Direct or mechanical chargii^ syatems. (i M^ee.) 

The average of 9 installations gives a labour cost of 14*83 pence per ton. 
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(c) Shovel or Hand Fed type. (2 Makes.) 

The averse of 25 inKtallationB gives a labour cotit of Is. per ton ; 
17 installatioiui. Front Shovel or Hand Fed type, give an average labour 
coBt of 10-88 pence per ton ; and 8 installations of the Back Shovel or 
Hand Fed type give an average labour coet of 14| pence per ton. 

{d) London and District. (6 Makes.) 

The average of 12 installations gives a labour cost of l(t-01 pence 
per ton. 

(e) Installationa witli which the power is fully utilized. 

The average labour cost at 44 such works is 13-07 ponce per ton. 

(/} Installations of old types and others where the power ie not fully 
utilized. 

The average labour cost at 68 such works ia 13'10 ponce per ton. 

It is but fair to state that in a few instances the labour 
cost is abnormal, owing to the quantity of refuse to be destroyed 
being in excess of the weight which could be dealt with in one 
shift, but still insuSicient to keep the staff fully employed for 
two shifts. 

At Padiham, where the labour cost is given as 2a. lOd. per 
ton, this is the case ; as also at Aldershot, where the whole of 
the refuse is destroyed in one aada-half shifts = 18 hours daily, 
but wa^es have to be paid for the two shifts (24 hours). The 
labour cost at Aldershot being la. Id. per ton, it will be clear 
that the labour cost is 26 per cent, more than it should be. 

To put the case another way, if sufficient refuse were available 
at Aldershot, 25 per cent, extra weight could be burned for the 
same wages cost daily, and this would have the effect of reducing 
the labour cost to 975d. per ton. 

The following table of labour cost has been compiled with 
every possible care, and may be said to represent present 
practice — 

ENGLAND AND WALES 

a. d. 
Accrington . . . . . . .15 

Aldershot 11 

Ashton-under-Lyne 1I'66 

Aston Manor . . . . . . .011 

„ (2 Makee) Oil 

Bangor . . . .14 
Barry 1 3-80 
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Bath 13 

BaMey 18 

Beckenliani , , .19 

Birkenhead ........ 10-21 

„ (2 Makes) 10-21 

Biriuingham . ,0 0-82 

Blackburn , . , . , 10 

„ (3 Makut)) 11 

10-50 

Blackpool 1 6-50 

Bolton . . . 10 

Bournemouth . . , . .09 

Bradford OB 

Brighton . , . . , .17 

Briatol 11-90 

Burslem . .16 

Burton-^)n-Trent .14 

{2 Makee) 14 

Bury 10-8 

Bvucton . . , . .011 

Cambridge .13 

Canterbury ... .... 1 0986 

Cheltenham 7-6 

Chesterfield 7-6 

Colne 10-50 

Darwen . , , , .10 

Dewabury ........ 1 1-75 

Oloucester . . 10 

Grays . .' 10 

Handsworth ........ 10'76 

Hartlepool . . . 11 

Haatinga 1 6-75 

Heckmondwike . .10 

Hereford .09 

Hudders&eld 10-50 

Hu]l 13 

Hunstanton 10 

Hyde 12 

Lancaster 14 

Leeda 10-26 

„ (2 Makes) 10-26 

Leioeeter 8-25 

Leyton 17 

Liverpool '. 8-2S 

Llandudno ..,.,... 1 3-25 

Longton 11 

,. (2 Makes) 11 
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Loughborough .12 

Lowestoft n-50 

Lytham . - 8 

Mexborougli . U 1 1 

Morecambe ........ 1 0-12 

Mobs Side 8 

Nelson 10 

Newcastle SIB 

(2 Makes) 816 

Newmarket . . .011 

Oldham 9 75 

Padiham 3 10 

I*re8ton I 0-12 

Radcliffe 10 

Kochdalo "■■'J<> 

Khondda 2 7 

Rhyl 14 

Kotherham 1 0-50 

Royton 9-60 

St. Annea 14-1 

St. Helens 12 

Salisbury 13 

Sheemees . . . . . . . .10 

Sheffield 11-50 

Shipley 10-50 

Southampton 1 2-50 

Southport . . . . . .12 

Stafford 14 

Stockton-on-Tees 9 

Stretford 14 

Torquay 9-50 

Wallasey 11 

Walker-on-Tyne 6-75 

Warrington I 1-75 

Weet Hartlepool 10-60 

Wimbledon 18 

Winchester . . 10 

(2 Makes) 10 

Withington 8 

SCOTLAND AND IRELAND 

Edinburgh 2 fi-50 

Gourock 10 

Oovan 10 

Paisley 950 

Partick 17-1 
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a. d. 

Belfast fl 

Dublin .0 9-9 

Dublin 11-75 

Pembroke 11-75 



METROPOLITAN BOROUGHS (LONDON) 

Battersea 2 

Bermondsey . . . . , . . .10 

Rotherhithe 10 

Finsbury 8-8 

Fulham I 6-88 

Hackney 17-1 

PopUr 1 10-60 

St. Pancrae 1 1-75 

Shoreditch 2 3-3 

Stepney 14-9 

Wandsworth 7-60 

Westminater ........ 11-6 



With labour costs varying from 6jd. to 2s. lOd. per ton, 
it will be obvious that in order to determine the comparative 
value of the two systems one must carefully investigate all the 
circumstances of each case. At the same time it is clear tiiat 
the difference of 2a. 2ld. per ton cannot be wholly accounted 
for by reason of enforced idleness consequent upon the shortage 
of refuse. 

The averages already quoted will serve to oleariy demon- 
strate that there is a wide difference between the labour coat with 
various systems, and perhapB nothing is more startling than 
the high labour cost with systems of top feeding and mechanical 
charging. Close students of the subject have long been aware 
that top feeding and mechanical charging are not the most 
economical systems in vogue. The figures here quoted should 
convince even the most sceptical. 
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Chapter VII 

CLTNKERING 

THE clinkering of a furnace, or the removal of the residuum 
after destroying a charge, is perhaps the most laborious 
work in connection with the operation of the Refuse Destructor, 
therefore any practical means of rendering this work less arduous 
would be welcome, as tending to at once reduce the labour cost 
and make the work as a whole more pleasant. 

So far as the actual removal of the chnker from the cell is 
concerned, this is essentially work which can only be satisfactorily 
performed by manual labour. If a charge of refuse is thoroughly 
burned through and reduced to a satisfactory vitreous clinker, 
some considerable eifort is demanded In order to break up the 
mass into slabs of such size as may readily be manipulated and 
drawn through the clinkering doors. 

With the beet of modem Destructors the clinker is withdrawn 
in lai^e slabs, either direct into a barrow or into travelling skips 
or buckets slung from an overhead rail, and in most cases it is 
then freely slaked with water before being taken to the clinker 
heap. This is done firstly for the comfort of the men, and 
secondly to so cool the clinker that flaming may be avoided when 
the material is tipped on to the heap. 

In some few cases shoots and conveyors have been provided 
for the automatic removal of the chnker, but such an arrangement 
although very desirable is not practicable. In order to thus 
remove clinker from a modem high temperature cell, it would be 
necessary to first break the material up into comparatively 
small pieces. This would not only materially add to the already 
92 
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arduouH labour, but it would have to be done in the cell, occupy- 
ing aome considerable time, retarding the work ae a whole, and 
involving a very serious cooUng down of the cell. 

The clinkering process in the case of the single or isolated 
cell system especially demands smartness. It is essential that 
the clinker should be removed with all possible speed, and 
although various innovations have been tried, nothing has yet 
been devised which can compete with a live man. The simple 
method already described, and which is extensively employed, 
while being admittedly arduous is best suited to the vital re- 
quirements for expeditious and satisfactory working. 

Counterbalanced cUnkering doors easily lifting upwards 
vertically are the most satisfactory, and are appreciated by the 
men, rather than balanced doors swinging outwards. These 
doors do not fit so tightly as the former, and when raised for 
access to the fire the radiant heat from the door bafBea is a source 
of great discomfort to the men. Again, the vertically lifting 
door not only projects its heat on the inner side away from the 
man, but it is also so arranged that it acts as a shield, and need 
only be lifted to a sufficient height for easy manipulation of the 
clinker. 

The balanced doors opening outwards at an angle must be 
practically fuUy opened to give reasonable access to the cell, and 
the man is accordingly not only exposed to the heat proceeding 
from the ceil but also to that projected from the inner side of the 
door. 

Reasonable attention to such details as these all tend toward 
minimizing discomfort, and it will be obvious that not only does 
the work proceed more expeditiously when the men are thus 
considered, but it is also more satisfactorily performed under 
the more comfortable conditions. 

While successful mechanical means have been devised for 
both charging and drawing retorts in gas works, it must not 
be forgotten that in the drawing of the retorts the material to 
be removed is practically homogeneous in character, it has not 
to be broken up from the vitreous mass, as is the case with the 
Destructor. 
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While the actual removal of clinker from the building does 
not offer any considerable scope for labour saving, as already 
pointed out, the preliminary withdrawal of chnker from the cell 
as now performed by manual labour is capable of improvement. 
Among the various methods which have been tried and 
abandoned is the tipping grate, which wa sdeeigned with a view 
to tipping the clinker direct into a trolley placed in the ashpit 
immediately under the grate. 

The difiSeulty which was experienced with this arrangement 
was entirely owing to the formation of the clinker in a vitreous 
mass over the whole grate area, and it was accordingly found 
necessary to break up the mass before it could be tipped into 
the trolley beneath. 

This breaking up of the clinker to such sizes as would readily 
pass through the available opening involved considerable labour, 
and it was found as the result of practical experiments that, as 
less breakage was required to withdraw the clinker from a fixed 
grate into a barrow, the process was not only more expeditious, 
bat not 80 laborious. 

It is almost safe to say that the present system of with- 
drawing chnker is not hkely to be improved upon ; it is an 
operation which demands careful attention, and such attention 
as can doubtless be best given by an experienced man. 

When the mass of cUnker is broken up it should be turned 
over so that the small loose material on top may be left on the 
grate to readily ignite the succeeding fresh charge. Further, 
reasonable care must be exercised in the handhi^ of the clinker 
tools or the brickwork may suffer damage. 

The necessity for breaking up the mass of clinker within the 
cell presents the real difficulty which operates against the saving 
of labour. Every scheme devised for minimizing labour cost at 
the clinkering stage has failed, and largely because of this initial 
difficulty. 

It will thus be clear that apparatus designed for the easy 
removal of clinker when it is outside of the cell simply means 
an increase of labour before the material leaves the cell, and thus 
at once any possible economy is seriously discounted. 
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Up to the present time there is every indication that the 
Bjratem of removal now in vogue is not likely to be improved upon, 
although it must be admitted that an improvement would be 
welcome. 
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Chapter VIII 

THE RESIDUTM AND METHODS OF DISPOSAL 

COINCIDENT with the development of the Refuse Destructor, 
remarkable strides have been made in the utilization of the 
residuum, familiarly known as clinker. 

It has been suggested that the difficulties involved in the 
disposal of clinker are frequently of such a character as to limit 
the adoption of Destructors. It may, however, be doubted 
whether those responsible for such statements are really familiar 
with the character of good clinker, as also with the variety of 
purposes for which the same is now used. 

Clinker varies very considerably ; the quality of the clinker 
is governed by several factors, which we will briefly review. 

Firstly. — High temperature working is essential ; unless the 
cell temperature be high and well maintained, it is impossible 
to produce a good clinker. With the old system of low tem- 
perature working a good vitreous clinker was unknown ; gener- 
ally speaking the clinker was soft, worthless, and even at times 
objectionable. Residuum of tliia character has been to no 
small extent responsible for the slow progress hitherto made in 
the utilization of clinker. 

Secondly. — The material within the cell must be exposed to 
a high temperature for a sufficient length of time ; this period 
of time is an important factor. All organic matter should be 
destroyed, and analysis should show not only a freedom from 
organic matter, but likewise no combustible. Such clinker should 
be well fused and vitreous ; its value will not then be disputed. 
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Thirdly.— The method or system of charging the refuse into 
the cells and the thickness of the material upon the grates exer- 
cises a considerable influence upon the quality of the clinker. Top 
charging usually means a very much thicker fire than shovel 
feeding, and in the case of the former, unless the refuse is very 
carefully levelled and spread over the grate, a thoroughly well 
burned clinker is not secured. 

Generally speaking the very best chnker is obtained from 
shovel fed Destructors of the front and back fed types, and this 
may be largely attributed to the very moderate thickness of 
the fires and the fact that the whole manipulation of the fires 
is under more direct control. An uneven fire of such thickness 
as is frequently found with top fed Destructors does not favour 
the production of the best quality cUnker. 

With top fed Destruotors, eBpecially of the older types, it is 
common to find refuse on the grates to a thickness of three feet, 
and very unevenly spread. The stoker cannot possibly look 
over the top of the mass, and accordingly he is unable to con- 
trol the condition of the fires, a bare or thinly covered portion 
of the grate at the back cannot be seen ; and, therefore, well 
covered grates are more the result of accident than judgment. 

With fires of such thickness, there is a constant liability of 
producing inferior clinker. After the clinker is removed, if the 
mass is broken it will at times be found that although well fused 
both above and beneath, the inside of the mass is more or less 
soft and sometimes very offensive. 

It should not be forgotten that not only is a poor clinker 
a source of loss in so far as it it worthless and unsaleable, but 
it is at the same time very conclusive evidence that the cremation 
as a process is unsatisfactory, this being due either to the ineffi- 
ciency of the Destructor, or lack of supervision, or may be a com- 
bination of both. 

In some few cases, not only are communities saddled with a 
loss due to the unsaleable condition of the cUnker, but in addition 
to this it is not uncommon to find sums varying from 4d. 
to 2ft. fbf. per ton being paid for removal of the clinker. It has 
been suggested in somo such cases that peculiar local circum- 
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stances do not favour the sale of clinker, or that no scope exists 
for its utilization. As a general rule the real explanation is 
that the clinker is too soft to be serviceable ; it is utterly useless 
and is recognized as such. Those who would purchase a good 
vitreous clinker decline even to accept a soft clinker free of 
charge, and they do wisely. 

The writer is acquainted with many such cases, but I am not 
aware of a single case where any difficulty whatever is ex- 
perienced in disposing of a good vitreous clinker, and many cases 
might be cited where a vitreous clinker commands a ready sale 
at a very remunerative figure, even as high as 28. 6d. per ton at 
the Destructor works. 

Generally speaking the clinker disposal difficulty only exists 
under such circumstances as one might reasonably expect to find 
productive of such difficulty. It is just as reasonable to expect 
to find a market for soft clinker as to expect to destroy refuse 
without the agency of heat. 

In issuing specifications for Refuse Destructors within the 
past two years there has been a tendency to ask contractors to 
guarantee a fixed percentage of clinker or residue. While it is 
doubtl^s desirable that the percentage of clinker to come should 
be known, it is manifestly quite impossible for any contractor 
to know exactly what percentage of residuum will be obtained 
from refuse which may possibly be destroyed a year or even two 
years after such a guarantee is given. 

If the period intervening between the date of the contract 
and the test was only one week, the situation would still be 
equally absurd. No two loads of refuse on any one day may be 
exactly the same in composition, and it should not be foi^otteii 
that the percentage of residuum is determined by the com- 
position of the refuse and not by any guarantee. To ask for a 
guaranteed percentage of clinker is to ask for a guess ; neither 
he who asks for the guarantee, nor he who has to give such a 
guarantee, can know the composition of the refuse, and without 
such knowledge a guarantee is but a farce. 

It is true that the average throughout the country affords 
a guide ; 30 per cent, is perhaps a fair average, but it is quite 
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possible to get as much as 37 per cent., and this with a clinker 
free from* organic matter and thoroughly fused. 

The only reasonable guarantee to ask for is one to the effect 
that the clinker shall be free from organic matter (which can be 
proved by analysis), and further that it shall bo vitreous. Hav- 
ing secured a guarantee of this character, it is not difficult to find 
a market for the clinker ; its utility is becoming more clearly 
recognized year by year. 

Some analyses of clinker here given are of interest, and arc 
worth comparison. 



Nelson Dbsthiictob Clinker 

Analysis made by Mr. J. Barnes, F.I.C., Borough Analyst 
of Accrington, December 20, 1000 : — 



Organic Matter 
SUica. . 

Alumina 

Ferric Oxide . 

Mcigneeia, Mangnneee and Alkalies 



Nil. 

40-6 per cent. 

112 „ „ 

18-5 ,. „ 

22-8 „ „ 

«-9 ., „ 



Bbadpord DasTRUCTOB Clinker 
Analyses of two samples made by Mr. F. W. BichardBon, 
K.I.C., F.C.S., City Analyst of Bradford, March 9, 1900 :— 





1. Fine. 


2. Medium. 


Organic and VoUtile Matter 


412 


180 percent. 


Siliceous Matter 


. 6108 


6710 „ „ 




. 21-50 


19-30 ., ,. 


Carbonate ot Lime . 


780 


6-00 „ „ 


Magnesia .... 


. TracM 


TracM 


Moisture 


. 5-50 


5-80 „ ,. 
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Torquay Destructor Cijnker and Flue Dust 

Analyses by Dr. Bernard Dyer, of London, July, 1899 :- 



Moisture, Organic Matter and Water o( 

Combination 
•Phosplioric Acid 

Oxide of Iron and Alumins 
Carbonic Acid . 
SitieeouB Matter 




6-52 per cent. 

0-90 

8-40 



Nitrogen ...... 

•Equal to Ammonia 

Equal to Triba«io Phosphate ot Lime . 



Practically None 
— 0-21 percer 

231 209 .. „ 



It is possible that in a few isolated cases, where the circum- 
stancea are abnormal, it would not be possible to utilize or sell 
the cUnker, even if it were of the best Quality. Under such con- 
ditions the clinker might be tipped on to the land or at sea. In 
either case it would be a harmless proceeding, and very different 
to tipping refuse. If dumped at sea such material would sink 
and not come in with the tide and defile beaches, as is so fre- 
quently the case with refuse. 

If tipped on the land it would occupy considerably les3 
space than its original bulk of refuse ; it would be quite in- 
nocuous, inoffensive and harmless, and with all due respect 
to many worthy councillors it may be observed that they would 
display greater wisdom if they advocated the filling of disused 
gravel pits, hollows and excavated land with clinker rather than 
with refuse. 

Bacteria Beds 
The utilization of clinker in the formation of bacteria beds 
for the filtration of sewage offers a scope of the highest utility, 
and one that i^ ever increasing. Perhaps nothing is more in- 

■'. '.- ' I oo 



itized by Google 



THE RESIDUUM AND METHODS OF DISPOSAL 

teresting in modem sanitary science than the utilization of the 
harmless residuum from one class of civic waste for the purifica- 
tion of the other class of civic waste — the sewage. 

With this a high utilitarian standard is reached, and in this 
connection it is interesting to remember that in many cases where 
clinker is so utilized, the refuse of which it is the residue has 
provided power for the operation of the works. The value of 
clinker for bacteria beds is now generally conceded ; a good 
vitreous clinker crushed and screened to the sizes required for 
both the coarse and line beds fumbhes at once not only the most 
satisfactory medium yet discovered, but likewise the most 
durable medium. 

Coke and coke breeze which have been employed in the past 
have to be purchased ; both are costly and at times disintegrate 
very rapidly. Clinker on the other hand is of such a nature 
that, while possessing sufficient porosity to allow free passage of 
the liquid, it yet deteriorates very slowly indeed. 

With one or two exceptions, wherever clinker has been used 
for bacteria beds it has given every satisfaction, the only failures 
having been where poor clinker was used ; the experience, while 
being an unfortunate one, emphasizes the need for a vitreous 
clinker. 

Enormous quantities of screened crushed clinker and even 
rough clinker are now taken by contractors, and in many cases 
very remunerative prices are being obtained. At Tooting 
Destructor (Metropolitan Borough of Wandsworth) rough clinker 
straight from the cells is used freely, at Is. 9d. per cubic yard, on 
the works. At Dalmamock, Glasgow, the whole of the clinker 
is crushed and screened, being eagerly purchased at the works 
by contractors at 2s. 6d. per ton. 

These are but two examples ; many others might be cited. 
All the statistics available go to clearly show that enormous 
quantities of clinker are sold, and apparently the disposal of a 
really satisfactory clinker presents no difficulty whatever. 

Mortar Maiung 
It ia not many years ago since the idea of utilizing Destructor 
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clinker for mortar making was ridiculed ; indeed it was regarded 
ae an experiment and nothing more. What do we find now ? 
Over one hundred mortar mills in operation every day at 
Destructor works alone. Mortar sells freely and in every case 
yields a profit ; in fact at many works one is told that they wish 
it were possible to make twice as much mortar. 

As with mortar making, so with other methods of clinker 
utilization. To look closely into the matter is to be convinced 
that the utilization of clinker is but yet in it« infancy. It is 
impossible to forecast the future developments in clinker 
utilization. 

Failure has been freely predicted with every new feature 
of utihzation up to the present; as with concrete and mortar, 
30 with paving flags and bricks, but progress is nevertheless 
recorded, and steadily but surely silences all criticism. 

Paving Flags. — It ia true that some few municipal engineers 
are still doubtful as to the value and wearing properties of clinker 
flags. In a few cases this may be attributed to an unfortunate 
experience with soft clinker. Those who are familiar with a 
really good vitreous clinker have no doubt as to ita value for 
the purpose in question. 

Others hesitate because clinker flags have not yet been 
employed under varying conditions for a sufficiently long period 
to satisfy them as to the wearing properties. But nevertheless 
remarkable progress is being made and, so far as one is able to 
judge, this means of utihzation is likely to And much favour. 

Flag plants are now in use at Liverpool, Bootle, Birmingham, 
Leicester, Sheffield, Bristol, Bradford, Cheltenham, Blackburn, 
Withington, Oldham, Ealing, Walthamstow, Woolwich and 
Fulham. 

In Liverpool, even as long since as 1898, paving flags were 
being made at a cost of la. Id. per square yard, including all costs 
and chai^ges, and it is reported that the flags wear exceedingly 
well, and have an excellent appearance. 

Fig. 31 illustrates a three mould hydraulic flag press, 
made by Messrs. Fielding and Piatt, Limited, and embodying 
several ingenious features, not the least of which is the Patent 
102 



itized by Google 



THE RESIDUUM AND METHODS OF DISPOSAL 

Vacuum Lift for transferring the finished flag from the presR to 
the carrying board, avoiding the necessity of handling, and 
thus leaving the edges of the flag perfectly square. 



Fio. 31. Fielding & Plait's Three Mould Hydraulic Flag Presb. 

In connection with the manufacture of clinker paving flags, 
the question has frequently arisen as to the period of time which 
should be allowed for induration, between the time of manufac- 
ture and laying of the flags. 

103 
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The following Beries of testa were mode by Mr. W. G. 
Kirkaldy, of Meaars. D. Kirkaldy and Son, for Mr. E. J, Lovegrove, 
ei^ineer and surveyor of the Homsey Urban District Council, 
with a view to ascertaining the gradual increase of strength : — 



Results of Espemments to Asckktaim the Resistance to 

Bending Stress of Thirty-two Concrete Paving Slabs. 
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The slabs which were used for the above series of tests were 
manufactured with fine ground Destructor clinker, passing 
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through a ^ inch square mesh sieve, and mixed in the propor- 
tions of two of ground clinker to one of Portland cement. 

The whole of the slabs submitted for testing were made from 
the same grinding and consignment of cement, the cement being 
laid out for coohng before use, and passing the standard test of 
420 pounds per square inch after immersion in water for seven 
days. 

Excellent results have been obtained in Birmingham, where 
paving flags have been mode since October, 1897, During the 
year 1899, 8,860 square yards were produced; in 1900, 12,106 
square yards, and in 1901, 9,8S2 square yards. The flags, which 
are chiefly used for footpaths are 2^ inches thick and faced with 
granite, the cost of production being 2s. 2d. per slab, the selling 
price ranging from 2a. Qd. to 3«. 3(f. 

The following table is of great interest, serving to clearly 
show the general superiority of clinker as a binding material. 
The series of tests here tabulated were conducted by 
Mr. W. Nisbet Blaur, M.I.C.K., the Borough Surveyor of St, 
Pancras. 



Tests of Bbiquettrs of Cement with Pit Sand, River 

Sand, and Crushed Destructor Clinker 
Breeding Strain in Pounds per Square Inch of Section 



' In ciwex tlius marked the material wbh in the form of tine aali. 



The interesting diagram (Fig. 32,) clearly illustrates the 
comparative strength of the material employed, and although 
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it IB not contended that the tests are absolutely conclusive, 
it muBt be allowed that the clinker briquette comes out 
exceedingly well, and Mr. Blair's experiments only serve to con- 
firm many others made in various parts of the country. 
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Brick Making 

Within the past few months two clinker brick making plants 
bave been installed in London, and although up to the present 
no really valuable data is available owing to the short period 
which baa elapsed since operations were commenced, it ia never- 
theless certain that this method of cUnker utilization has a very 
remarkable future. 
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While it is true that very little has yet been done in this 
country, the clinker brick is not an experiment ; for some few 
years past several brick making plants have been in operation 
on the Continent, some of which are of British make. 

Excellent bricks have been made on the Continent even with 
a clinker of a less vitreous nature than good Destructor choker. 
In Ijondon for some time past, quantities of hand made clinker 
bricks have been manufactured and used, the results being 
so satisfactory that one large contractor has recently erected 
two large cUnker briok making plants after contracting with 
two Metropolitan Boroughs to take several thousands of tons 
of cUnker per annum for a number of years. 

To the late Mr. John McTaggart, of Bradford, belongs the 
credit of first directing attention in this country to the possi- 
bilities of the clinker brick. Early in 1899, Mr. McTaggart 
made a series of experiments, and had he lived, it is likely that 
we should have seen other developments in clinker utilization. 

The following table of results of Crushing Tests of Bricks made 
with Bradford Destructor Clinker are of interest, as also the 
figures of tests made with bricks manufactured from Fulham 
clinker : — 
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IteKvUo of Teats of Brieka made from Ftdhum Clinker. 
Mark A, — Size. 9 in. by 4 j in. by 2i in. ; weiglit wben dry, Blli. 1(1) or.. ; 
wpiRlit after iininoraion Hvc days. 7 lb. fi or.. ; inorcasc, lOJ oz. ; 
porcontaR**, 10; compmition—liardenod clinkor, 00 yier cent., hydraulic 
lime, 10 per pent.; cliaroct^r, rough feict* ; Hiinilar mze nUtck brick, 
a lb. 5 or. 

Mark B. — Size, 9} in. by 4J in. by SJ in. ; weight wlipn drj', 
81b. l-2|oz.; weight after immersion* fiv(> dayH. Sib. 4)oz.; increaxe, 8oz.; 
percentage," 6 ; composition — clinker, 85 per cent., cf-nient, 15 |»er cent. ; 
character, Htnootli face ; siinilar size stock brick, 4 lb. 7 oz. 

Mark C— Size, 9J in. by 4} in. by 2J in.;' weight when dry, 
alb. 15JOZ.; weight after immersion five days, 91b. 91 oz.: increase, 10|oz.; 
percentage, 7] ; composition — not hardened clinker, 90 per cent. ; lime, 
10 per cent. ; character, smooth face ; similar size stock brick, fl lb. 8 oz. 

NoU. — ^A fair sample of brick should not absorb )th of its weight — 
i.«. 10-6 per cent. Crushing strain on clinker concrete bricks, age 10 
weeks, equals 113-4 tons per square foot, made at Wandsworth; ditto 
stock, 84-27 tons per square foot ; 10,000 yards of flags will take tip about 
600 tons clinker ; 30,000 bricks, 7S tons clinker ; and 600 yards of mortar, 
300 tons clinker ; total, 975 tons. Equals 30 days' supply. * 



Although DO actual figures are yet available, it is estimated 
that bricks made with a mixture of 90 per cent, of clinker and 
10 per cent, of cement, can be produced at a cost of 15s. per 
thousand.. If instead of cement, lime be used, the estimated 
coat is given as 13«. 6d. per thousand. Bricks of the former 
composition would be dried naturally, while in the case of the 
latter it is preferable to employ the steam drying system, 
generally known as the Autoclave. 

The installations in London are being watched with much 
interest, and they will afford a most useful object lesson. If 
the clinker brick can be produced as satisfactorily and cheaply 
as is predicted, it is quite certain that this means of utilization 
will be largely adopted, at any rate by the more important 
municipalities. 

Clinker Cottaoes 
While the Liverpool authorities have not been at all troubled 
ro9 
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in the past with any accumulation of clinker, the latest method 
of utilization suggested by the City Engineer, Mr. John A. 
Brodie, M.I.C.E., opens up a new outlet, and the experiment ia 
sure to be watched with great interest. 

Mr. Brodie's proposal, which has received the sanction of the 



Fio. 33. Liverpool Clinkgr Cdttaoes. 



Housing Committee, is to erect a block of concrete cottages or 
tenements, the material for construction being crushed clinker 
from the Destructor and Portland cement, with a small propor- 
tion of embedded steel or iron. 

The crushed clinker and cement will be mixed in proper 
proportions at the Destructor works, and filled into moulds to 
no 
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form slabs, each slab representing a complete aide, floor or roof 
of a room. 

The openings for doors, windows, flreplaces and flues, will 
be formed in the slabs, and projections in the nature of dove-tails 
with their corresponding recesses are provided, so that each 
of the slabs may be dovetailed to each of the slabs with which 
it comes into contact when erected, the permanent jointing 
material being cement mortar. 

The balconies, stairs, balustrades, and the chimneys where 
they rise above the roof, arc similarly moulded in blocks. The 
site of the buildings will be excavated where necessary and the 
foundations composed of the same materials filled in aitu, brought 
up to a level surface at the ground level and allowed to set. 

When the various slabs and blocks have matured, they are 
lifted on to wagons behind a traction engine, and removed to the 
site of the proposed building. They are then lifted from the 
wagons by an overhead travelling crane, and deposited in their 
final position in the building. When the building has been 
erected, the windows, doors, grates and fittings are set in position 
and completed as usual. 

It is anticipated that the income will be sufficient to pay 
five per cent, on the capital expenditure ; as many portions of the 
work are entirely novel, a very reasonable margin has been 
aUowed for contingencies. 

The engineer's estimate of the cost of the scheme is as 
follows : 

£ a. rf. 

!13 square yards at 12». per square yard . 247 16 

Cost of buildings, complete, including drainage 

and finishing, open spaces, etc . . . 1,230 



£1.477 16 
12 tenements {eacii consisting o( three rooms), at 4*. 

per week, malting a gross rental per annum of . 124 16 

Leas allowancee for outgoings, say 40 per cent. . 49 18 



£74 17 



Fig. 33 is an elevation and Fig. 31 a plan of the clinker cottages 
III 
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at Eldon Street, Liverpool. Mr. Brodie is to be commended for 
his audacity and foresight in thus being able to provide the 




Pia. 34. LtvBRPOoL Clinker CoTTAQBa, 



labourer with a really ornate and substantial home at a modeat 
rental. 
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Chapter IX 



REFUSE DESTBUOTORS COMBINED WITH ELEC 
TRICITY WORKS 

MUCH has been said, both for and agaiast the combination, 
and extreme views have been advanced on both aides. 
Those who have constantly asserted that the combination is 
worthless, have in the course of time found themselves faced with 
actual statistics from various towns, clearly proving the combina- 
tion to be of value, and so the critics have gradually decreased in 
number, and the situation to-day as compared with that of five 
years ago has entirely changed. 

It is a common delusion that the many extravagant state- 
ments which have been made concerning the generation of 
electricity from refuse have all emanated from the Destructor 
maker. On the other hand, while some Destructor makers have 
promised impossible results, it must not be forgotten that the 
maker of the Destructor is always viewed with more or less suspi- 
cion, whereas the statements of a municipal engineer such as 
"The Golden Dustman" and of a scientist such as Professor 
Forbes carry greater weight and obtain more credence. 

"The Golden Dustman" was a great enthusiast, and an 
excellent municipal engineer. He had a record of splendid 
service. It is no exaggeration to say that he made more money 
out of refuse tiion has ever been made either by a municipal 
engineer or a scavenging contractor before or since. 

What " The Golden Dustman " said about refuse disposal and 
power production was believed, so, with the Cantor Lectures of 
Professor Forbes, great interest was aroused, and both men were 
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taken too seriously, ProfesBor Forbes has been severely criti- 
cized, but the substance of bis statements was in the main quite 
correct, so far as power production is concerned. 

It may, however, be truly said that the Destructors in use 
some fourteen years since, when Professor Forties delivered his 
Cantor Lectures, were quite unsuitable for producini^ the power 
which we were told could be produced, but even as remarkable 
strides have been made during the past fourteen years in elec- 
trical engineering, so have remarkable developments been made 
in the perfecting of the Refuse Destructor, firstly for its primary 
object — the destruction of refuse— and secondly as a power 
producer. 

The Destructor of fourteen years since was not capable of 
performing its primary duty, that of destruction, but in many 
cases a single multitubular boiler had been included with a batteiy 
of cells, and although the refuse was not destroyed, yet the gases 
passing through the main flue to the chimney were intercepted, 
and sufficient steam was readily generated to operate a mortar 
mill or to do other similarly modest work on the Destructor 



It may be fairly argued that at this time greater wisdom 
would have been shown had every effort been directed towards 
perfecting the Destructor as a destructor, before thinking of even 
operating the modest mortar mill. 

This must be admitted by every sanitarian, while every 
engineer will recognize the absurdity of passing ga^es through a 
boiler when the maximum temperature of such gases rarely 
exceeded 800° Fahr., while often falling even below 600° Fahr. 

To place the modem Destructor on such a level, either as 
regards its primary duty, or its suitability or value for purposes 
of power production, is to show either prejudice or ignorance, and 
a failure to grasp the importance of modem developments. 

It is only necessary to observe here that there are but very 
few points in common between the early and modem Destructors. 
Instead of imperfect destruction and constant liability to nuisance, 
we have a periect immunity from nuisance and absolute crema- 
tion. Instead of a temperature of 800° Fahr. as the maximum 
114 
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temperature of the gases entering the boiler, we now have a tem- 
perature varying from 1,600° Fahr. to well over 2,000° Fahr. 

It is no exaggeration to state that the temperature of the 
gases at the chimney base with a modem Deatructor is frequently 
but little lower than the main flue temperature with the early 
Deetructors. In the former case the temperature has been 
reduced to the extent of from 1,200° Fahr. to 900° Fahr. owing 
to the transmission of heat for useful purposes, whereas in the 
latter case high temperature at any point was unknown. 

Although many station engineers are still antagonistic to 
the combination there can be no doubt that as time goes on and 
records of successful work over extended periods are available, 
opposition will gradually cease. The station engineer is to be 
commended for being cautious, hut much of the opposition still 
met with is not prompted by caution. In some cases there is a 
great reluctance on the part of station engineers to admit the 
value of the Destructor in combination, because they consider 
that it would be an unpleasant adjunct. 

Others, while objecting to take supreme control of a combined 
works, yet strongly resent divided control, and in one or two 
cases where divided control has been introduced, friction has been 
constant. 

Professor Kennedy once gave it as his opinion that the man 
who is held responsible for the utilization of the steam should 
control its production, and whether the line of ailment be 
appreciated or not it must be allowed that it is reasonable. The 
position of the station engineer must be unenviable when he is 
relying upon a supply of steam from another department beyond 
his control, especially if the necessity of steady pressure is not 
seriously appreciated at the source of supply. 

If the engineer in charge of a combined works bo adequately 
remunerated, his objections to supreme control would not be so 
frequently heard. The station engineer controls the bumii^ of 
the coal, nor would it be urged for one moment that this depart- 
ment should be separately controlled, while still holding the engi- 
neer responsible for steady running and the minimum fuel cost 
per unit generated. 
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If refuse be regarded as a fuel, why then have separate control 
of its combustion ? If the process be considered unpleasant, 
this may in some instances be attributed to the policy of thrusting 
a sanitary department upon an electrical engineer, having in 
mind the saving of a Destructor superintendent's wages by so 
doing. 

One of the arguments advanced against the combination a 
few years since was that it is impossible to generate steam at a 
sufficiently high pressure for electrical purposes. It was alleged 
that a pressure of 60 lb. was the highest boiler pressure 
possible with refuse. Some nine years eince at Rochdale, Mr. F. W. 
Brookman, the Cleansing Superintendent once and for all dis- 
posed of this argument by working two large Lancashire boilers 
up to a pressure of 120 lbs. This example was soon followed at 
the Oldham combined works, and in both cases not the slightest 
trouble was experienced. In September, 1899, atDarwen, a fur- 
ther advance was made, the Lancashire boilers provided with the 
Destructor for a working pressure of 200 lb. confirming all 
expectations, and while steam was required at the engines at 
1 00 lb, pressure, no difficulty was experienced in working 
the boilers up to the full pressure, reducing valves being provided 
for ensuring a steady delivery of steam to the engines at 
160 ib. pressure. 

The successful demonstration at Darwen has had far reaching 
results and high steam pressures from refuse are now so common 
that the early critics have long since ceased to trouble. 

Having disposed of this question, it was next said that any- 
thing like steady steaming was absolutely impossible with refuse 
as fuel, but here again experience has clearly shown the contrary 
to l)e the case. It is quite true that some of the steam curves 
reproduced and illustrated in this volume are not altt^etlier 
satisfactory, but in studying the same it must be remembered 
that they are diagrams taken under normal working conditions, 
and that the type of boiler, and the design of the plant as a whole 
have a very material effect, not only upon the steam production, 
but also upon the steady maintenance of the working pressure. 
Steady steam pressure is only possible when suitable boilers 
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arp installed, and the volume of hot gases supplied to the 
I>oiler at a constant high temperature, with but the minimum of 
fluctuation. Continuity of high temperature is to a very serious 
extent governed by the design of the Destructor, but as this 
feature is fully discussed in another chapter it would besuperfluous 
to enlai^e upon the same here. 

Having a plant designed in the beat possible manner for 
ensuring steady high temperature working, and eo steady steaming 
it is still of vital importance to insist upon methodical working, 
a regular cycle of operations ; this demands careful and intelligent 
supervision. 

That steady steaming is practicable is beyond atl question, 
but wishing to avoid bare assertions, it would ]>erhaps be well to 
([uote the opinions of engineers controlling combined works. 
Perhaps two such opinions will suffice. 

Mr. W. Sillery, M.I.E.E., of Wrexham Combined Works, says — 
Xii difficulty in expiirieiiced in keeping xU-ani prcMsim; cuiiMtaiit, butli 
for traction and lighting; . . . tlui uteam iu easily controlled. 

Mr. W, B. Maxwell, Partick Combined Works^ 
Wv liavo no difficulty wliatuvor in maintaining a steady preiMiiro 
witliout thc< UHt> of coai, exLfpt on Sundayu or holidays, or when there 
in inHufiicient refuwe to inoet the doinand for electricity.' 

In designing a combined plant it is undoubtedly advisable 
to arrange for a reasonable margin between the boiler pressure 
and the pressure of steam required at the engines. As already 
pointed out, at Darwen there is a margin of 40 lb., the boiler 
pressure being 200 lb. and the engine pressure 160 lb.; 
this margin is most helpful, allowing as it does for a reasonable 
fluctuation in the steam pressure at the boiler, which will happen 
at times, however carefully the work is supervised. Such a 
margin, while involving no difficulty if first-class reducing valves 
are used, ensures steady steam pressure at the engines. 

Some electrical engineers, while not questioning the value of 
the Destructor as a power producer, have expressed doubts as to 
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the thoroughness of the combustion. It has been said — Is the 
combustion perfect ? Are you not sacrificing the primary 
object of the DeBtnictor in endeavouring to satisfactorily realize 
the secondary ? In reply to such questions it may be fairly said 
that with the well designed modem Destructor the combustion 
is far more perfect than is the case with the average steam boiler 
fired with the best coal. 

This question is exhaustively dealt with in another chapter, 
and it will be clearly seen that the efficiency of the combustion 
process as shonn by analysis reaches a standard which is 
approached by very few coal fired steam plants in this country. 
The principles governing perfect combustion have certainly 
received very much closer attention in connection with the design 
of the best modem Destructors, than is the case with boiler 
furnaces, generally speaking. 

The high temperature reached, the reasonable mai^n of fluc- 
tuation in temperature, the high percentage of CO, in the gases 
of combustion, all afford conclusive evidence of excellent practice 
in efficient combustion and those who carefully study this 
important phase of the subject cannot fail to be impressed with 
the very satisfactory conditions existing. 
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REFUSE DISPOSAL AND POWER PRODUCTION 

In the case of a email town, under the beet conditiona it is obvious - 
that the maximum benefit in the way of power production is secured 
from the Destructor in the first few months' working of the station, 
because, while the demand for current is ever increasing, the quantity 
of refuse available, while increasing sliglitly in a growing town, cannot 
possibly increase in the same ratio as the demand for current. 

It should be borne in mind that in the case of combined works using 
electrically driven fans for providing forced draught, and also electric 
hoista or elevators, the electrical output per ton of refuse destroyed is 
incliisive of the current actually used in connection with the operation 
of the Destructor. 

To take two examples: At St. Helens for the year 1900-1 the 
average number of units used on the works per ton of refuse destroyed 
is given ,as 7-1. At Shoreditch the average for one year give« nearly 
5 units per ton of refuse destroyed as used for works purposee. 

It will thus be apparent that in order to arrive at the actual number 
of useful units available per ton of refuse destroyed it is necessary to 
deduct such current as is used for works purposes, and this must be 
done in order to enable fair comparison to be made . with the results 
obtained where the fans are steam driven or steam jet blowers are 

At a combined works where steam jet blowers or steam driven fans 
are used, the electrical output per ton of refuse destroyed is a nd useful 
quantity, and the proportion of steam used for purposes apart from the 
actual generation of electricity represents so much extra power produced 
per ton of refuse destroyed. 



In a few towns no coal whatever has been ueod for the first 
six months' working, in one or two towns refuse has supplied ail 
the steam required for the first year, but in every town sooner 
or later it becomes necessary to use coal, aod while the weight 
of coal consumed is gradually increafling, the quantity of refuse 
available practically remains stationary. 

Although this is so very obvious that it would seem almost 
unnecessary to admit it, we constantly hear that the combination 
is of doubtful value because refuse will not supply the necessary 
power for all time. It is further said that combined plants are 
only suitable for small towns. Perhaps the most conclusive 
reply to such a statement is to cite such a case as Liverpool, 
where power is being produced for traction purposes every day 
from some 300 tons of refuse. Other large towns might be 
mentioned, while still others such as Preston, Burnley, Notting- 
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ham and Wolverhampton, all tend to show that there is a con- 
aiderable difference of opinion. 

When large towns such as Wolverhampton, Nottingham, and 
Preston decide to erect Destructors to deal with such quantities 
as 80 tons of refuse daily and supply power for electrical purposes, 
it must be admitted that the " small town " argument falls 
rather flat, the more so when it is borne in mind that at two out 
of these three towns Corporation electricity works, equipped 
with a'number of coal fired boilers had been in operation for some 
years before the installation of the Destructor was decided upon. 
Cases such as' these tend to considerably strengthen the case 
for combination, and most conclusively show that as the result 
of careful investigation it has been considered worth while to 
produce electricity from refuse. 

Although there is a very considerable variation in the electrical 
output per ton of refuse destroyed at the combined works 
included in the table of comparative results, it must not be 
forgotten that different conditions obtain in almost every 
case. In some ' instances the load factor is high, in others 
very low. The Destructors differ in design and method of chaig- 
ing, the boilers differ in type ; while some are set as close as 
possible to the cells, others are a considerable distance from the 
cells. With some installations hot air is used for combustion 
and economizers are provided; in other cases neither of these 
useful accessories ate included. 

Again in some stations the refuse is all destroyed during 
that period approximating to the period of lighting or power 
demand, while in other cases, a proportion of the hot gases go to 
waste through the bye-pass flue, the Destructor working steadily 
throughout the whole twenty-^our hours. 

It is but fair to point out that in such cases it may happen 
that the refuse burned does not get full credit in the number of 
units generated per ton of refuse destroyed, because while the 
steam may only be used for eighteen hours, during the remaining 
six hours the refuse is being destroyed practically at the same 
rate, and the total number of units generated during the day 
is divided by the total number of tons burned. 
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Ab already observed, the attitude of the station engineer has 
changed and by not a few the combination is now regarded with 
favour. 

As I write this chapter I have before me letters from sixteen 
station engineers, expressing favourable opinions concerning the 
combination. It is impossible toquote all these opinions; we will, 
therefore, make a brief selection. 

The electrical engineers at the undermentioned towns express 
themselves as follows — 

CLECKHEATON. 



WREXHAM. 

The combination in oiw caeo is most useful, and no difficulty is 
experienced in keeping steam conHtant for both traction and lighting. 

ACCRINGTON. 
The combinatiun is useful in connection with a finall works, wliicli 
has a day load. 

BECKENHAM. 
A combined electric light station and Destructor is undoubtedly 
useful when a day load is obtainable. 

ASHTON-UNDEB-LYNE. 

The Destructor now contributes heat equal to wliat would be pro- 
duced by several hundred tons of coal. 

LINCOLN. 

Mr. Stanley Clegg (late of Darwen). 

From my own experience 1 know tliat a Destructor and electricity 
works can work together for tlieir mutual advantage. ... It would 
certainly be impossible to raise the steam pressure to normal working 
preeeure after a fall due to cleaning out, as quickly by any other firing 

> See The Electrician, p. 608. January 30, 1903. 
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While some engineers of combined worbi have no complaint 
to make concerning the presence of duet in the engine room, there 
certainly have been instances where trouble has arisen through 
dust reaching the engine room ; but this is no real argument 
against the combination, it merely indicates what has for a long 
time been obvious to many, i.e. that great care is demanded in 
the general planning out of the whole scheme. The arrangement 
and design of the buildings, calls for special attention. The 
Destructor boilers while being as close as ia practicable to the 
engine room, must, aa part of the Destructor, be isolated from the 
engine room. 

The arrangements for the deposit of clinker should be 
such that its dust ia not blown about. The destructor house 
ahould be ventilated, preferably by a well-devised system of 
downward exhaust, and if this be done, the atmosphere will 
not only be more congenial for those employed in the De- 
structor building, but dust will be prevented from escaping 
therefrom. 

Lastly, but not least in this connection, when the refuse is 
delivered, the carts (which should be covered) should disappear 
within closed doors. If these matters receive careful attention, 
when the plant is being designed, there is no excuse for any dust 
trouble either ineide or outside. 

Some critics of the combination have put themselves to some 
considerable trouble in endeavouring to show that refuse has a 
varying calorific value, and that it ia accordingly very unreliable 
as a fuel. 

Little can be gained by producing an array of figures, in order 
to refute that which is not disputed. It is generally admitted 
that the calorific value of refuse varies to a considerable extent, 
but, as the result of considerable experience, the average value 
ia now known, and as a general rule, this average forma the baaia 
of a guarantee for ateam raising. 

The Surveyor of the Urban District Council of King's Norton, 
near Birmingham, being anxious to ascertain the calorific value 
of the refuse, arranged for the sampling of loads as collected on 
specified dates, the several samples being sent to an analyst, 
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with the remarkable result that the calorific value of the refuse 
was shown to be about 4,500 B.T.U. 

The analysis of one pound of refuae gave the following result— 
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It is not contended that the average refuse has a calorific 
value of 4,500 B.T.U. ; this particular sample was obviously a 
very good one. The average calorifio value of refuse as a fuel may 
l>e safely put at 3,000 B.T.U, Many actual steam raising results 
in various parts of the country cleariy demonstrate thia. 

The many tests recorded herein will serve to show that after 
allowing for all the, unavoidable losses, in the cells, combustion 
chamber, flues and boilers, the calorific value of the refuse must 
necessarily have been as high as is claimed for the average refuse. 

It should not be forgotten by those who suggest that the 
Destructor can never be a satisfactory power producer because 
of the varying calorific value of refuse, that coal also varies 
considerably in calorific value. 

The varying calorific value of refuse being fully appreciated, 
is not the troublesome factor which some would have us believe. 
The Destructor is not designed simply for dealing with homo- 
geneous material ; on the other hand it is capable of dealing with 
every class of waste. Such is indeed expected, and can be readily 
dealt with. 

On the other hand, when variable coal is deUvered to any 
public works or generating station, unless the steam boilers are 
equipped for dealing with a variety of fuels, which is not an easy 
matter, considerable trouble is experienced. 

Again and again when action has been taken by local author- 
ities against electricity works or manufacturers for permitting 
black smoke to escape from their chimneys, the excuse has beea 
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that fuel such as usually employed could not be obtained, or that 
Welsh coal was not procurable, or maybe the coal merchant is 
blamed for delivering inferior fuel. 

It is now almost impossible even in London to purchase fuel 
on analysis, that is to contract for a supply of expensive fuel of a 
known calorific value, which value shall be guaranteed. The 
explanation simply is that even expensive fuels are to some 
extent unreliable, and the vendor knowing this declines to take 
the risk. 

Is it not unreasonable to expect a standard calorific value 
from refuse, when siich cannot be relied upon from expensive 
coal ? It is beyond all question that the varying calorific value 
of refuse never gives anything like the same trouble as that 
experienced from the occasional delivery of inferior coal. 

Other critics of the combination pronounce it useless because 
the Refuse Destructor falls short of their own standard of general 
efficiency. It is considered by such critics that, because every 
ton of refuse the whole year through cannot be relied upon to 
evaporate the same weight of water, therefore the Destructor 
is useless. _ 

As my friend Mr. Frank Broadbent, M.I.E.E., recently 
pointed out in the columns of The Electrical Review during a 
controversy over "The Fuel Value of Refuse," the Refuse 
Destructor is scathingly condemned by some because it falls 
short of such a standard as is not even expected from the 
steam boiler fired with coal, the high class steam engine, or the 
dynamo. 

The Refuse Destructor is tested over considerably longer 
periods than the coal fired boiler, the engine or the dynamo, but 
while a few hours' run is considered quite satisfactory for these, 
even a test of one month continuously is not considered satisfac- 
tory for the Destructor. 

Evaporative tests are here recorded covering periods of from 
a few hours up to one month. Some tests have been carried out 
in the summer months, others during the winter, and under a 
great variety of conditions. If these tests are carefully studied 
it will be observed that even with varying rates of combustion, as 
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in the case of Nelson, the efficiency is well maintained. Farther, 
it may be fairly submitted that if coal were burned under such 
varying conditions the fuel efficiency would vary to a far greater 
extent. On the highest rates of combustion the fuel efficiency 
of coal would be seriously reduced, while with refuse, the efficiency 
is scarcely affected. 

Up to the present time combined works are either in opera- 
tion or have been definitely decided upon in over sixty towns, 
comprising in the aggregate 370 Destructor cells and 140 high 
pressure steam boilers, the total destroying capacity being over 
3,200 tons of refuse per day. 

In the London district alone nearly 800 tons of refuse is being 
destroyed daily, the resultant power being used for generating 
electricity ; and yet, in spite of such a remarkable record of 
progress, the utility of the combination is still questioned by not 
a few engineers. 

The above figures will probably be startUng even to those 
in charge of combined works and others intimate with the subject. 
Such figures cannot be seriously quoted as merely showing a 
resolve for foohsh emulation. It is idle to submit that scheme 
after scheme has been decided upon without investigation and 
satisfaction, and furthermore, it nhould not be forgotten that 
every scheme has to be approved by the Local Government Board, 
who not only give close attention to the technical details, 
but also devote some considerable attention to the economic 
aspect. 

An amusing case came under the writer's notice some few 
months since in a town near London, where a municipal elec- 
tricity works had been in operation for about three years with a 
heavy net deficit each year. 

It was decided to erect a Destructor at the adjoining sewage 
works, utilizing the power from some 30 tons -of refuse daily to 
pump the sewage, and by so doing to save a coal bill of nearly 
£1,000 per annum. The scheme was no sooner decided upon than 
the Electricity Committee began to exert themselves with a view- 
to securing the Destructor for combination with the electricity 
works, but they were too late, and much to their chagrin, they 
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were reminded that the combinatioa which they were at length 
so anxious to bring about, had been previously considered by 
them and, wisely or unwisely, abandoned as useless. 

When it is borne in mind that nothing short ot actual results 
in power production could popularize what will always be regarded 
by some as an unsatisfactory combination, it must be admitted 
that with sixty combined works, either in progress or in course 
of erection, wonderful strides have been made. It would be idle 
to suggest that this remarkable progress is but a passing craze, 
that all these schemes have been initiated blindly, or as the reeult 
of what has been termed " that strange fascination for producing 
light from dust." 

On the other hand, it must be admitted that these combined 
schemes have only been decided upon after searching investiga- 
tion : indeed it is no exaggeration to say that this combination ia 
perhaps even now more closely investigated than any other 
contemplated municipal enterprise. 

Progress has been made, not because of a mere desire for 
emulation, but as the result of close scrutiny. It is true that the 
sanitary aspect is ever a weighty factor, but in itself this presents 
no conclusive argument for the combinatioa, the determining 
factor is whether the combination is a desirable one from the 
point of view of economy. 

That the combined electricity and Destructor works has 
come to stay there can be no douht, and with the development of 
electric traction we shall undoubtedly see many more combined 
works erected in the near future. 

The record of combined works up to date is a very satisfactory 
one, and when it is remembered that as recently as five years 
since only two such works were in operation, there is every 
reason to feel satisfied with the progress made. 

To those who still doubt the value of the combination, the 
writer would say — investigate personally, inquire closely into 
every aspect of the question. If you are a layman you will find 
such investigation ot more than passing interest. If you are 
an electrical engineer, I still say investigate ; even if you have had 
personal experience of one combined works, and that experience 
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has not been wholly aatisfactory, it is still well worth your while 
to investigate, because there is a vast difference between the 
efficiency of various Destructors, as you will have observed in the 
tabulated statement of results. 
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REFUSE DESTRUCTORS COMBINED WITH SEWAGE 
WORKS 

ALTHOUGH the combination of the Destructor with the 
Sewage Works is becoming increasingly popular, yet the 
progress made up to the present has been but slow compared 
with the other combination already diacusBed. 

In some 38 towns Destructors have been erected in connection 
with sewage works, the number of cells in the aggregate being 
150, while 68 steam boilers have been installed for working 
pressures varying from 60 to IdOpoundstothesciuareinch. The 
total weight of refuse destroyed daily, and from which power is 
being produced for pumping the sewage of 38 towns, is about 
1,100 tons. 

This combination is the ideal one from the point of view of 
some few electrical engineers, who do not favour the other com- 
bination. But while there is much to he said in favour of the 
combination, very careful consideration ia necessary before de- 
ciding to erect a Destructor at a sewage works rather than at an 
electricity works, because certain conditions frequently obtain 
which are not met with in the former case. 

FiraUp. — As a general rule, sewage works 'are not erected on 
central sites : a sewage pumping station is usually situated on 
the outskirts of a town ; and unless the town be very compact, it 
is necessary to take the whole of the refuse to one point, and that 
on the outskirts. The cartage cost must thus inevitably be very 
much heavier than is usual when the Destructor is erected on a 
fairly central site, such a site, for instance, as is usually chosen 
for an electricity works. 

' Digitized bytoogle 
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Secondly. — It is likely to become increasingly evident as 
Destructors continue to be erected at sewage works that in 
normal cases the refuse of a community is frequently in excess 
of what is actually required for pumping the sewage produced. 
This will not be satisfactory to the economist, for various reasons. 
If ^the whole of the refuse is carried to a site on one side of the 
town at a heavy cost, and one-half of the refuse only, is sufficient 
to save a coal bill of £300 per annum, then the remainder must 
be simply destroyed, and the heat allowed to run to wiiste, and 
this after incurring a heavy cartage crat and also the labour cost 
for destruction. Briefly, the only asset is such satisfaction as 
may be derived from the knowledge that the sanitary ideal has 
been reached. 

At Hereford and Aldershot, and also some few other places, 
it has been clearly shon'n that all the steam power required at 
the sew^e works can readily be supplied with far less refuse 
than is available. For six years past at Hereford one-third of 
the available refuse has supplied the whole of the steam required 
for pumping over 1^ million gallons of sewage every day in 10 
hours ; also for operating sludge presses and lime mixers, and 
for the Ughting of the works. The 10 tons of refuse is collected 
within an area as close as possible to the sewage works, to keep 
down the cost of cartage. In the first 5 years the economy 
effected at Hereford sufficed to pay every charge in connection 
with the Destructor up to that time, the installation having cost 
rather less than £1,200. 

To provide small Welsh coal previous to the erection of the 
Destructor involved an expense of £350 per annum, and not one 
pound of coal or fuel other than refuse has been provided at the 
sewage works since the Destructor was started. It will thus be 
readily seen that had the remaJning two-thirds of Hereford 
refuse been taken to the sewage works, the cartage cost would 
have been a very serious item, the labour cost would have been 
nearly trebled, and as the power could not be utilized, the loss 
involved in destroying the two-thirds would all but render a 
net saving quite impossible. 

The reader may say, Why not destroy the balance of two- 
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thirds at the Electricity Works "i But surely it would be a very 
questionable proceeding to erect two distinct Destructors imtal- 
lations in so small a city. 

Whenever a Destructor is oombined with aa electricity works, 
and more particularly in the case of a small town, it is essential 
that the whole of the refuse be destroyed there. Firetly, because, 
as a general rule, the whole of the power can be fully utilized ; 
and, secondly, because it is open to serious doubt whether it would 
be worth while to incur the necessary capital cost to deal with 
only a portion of the total refuse produced, especially when that 
portion can only supply a comparatively small amount of power, 
as compared with the total power required. 

It would be idle to deny that the sewage works load is 
eminently suitable ; generally speaking, it is a constant load. 
The pumping may occupy only 10 hours out of the 24, or it may 
be necessary to pump through the whole period. In either case 
the work is usually very steady. 

Even if the pumps are only in operation for 8 hours daily, 
no difficulty is experienced in banking the fires with refuse from 
day to day, and so much heat is conserved in the brickwork, that 
the working steam pressure may be quickly reached from banked 
fires. 

Although, as already observed, the sewage works load is a 
fairly constant one, yet it frequently happens at some combined 
works that an abnormal flow has to be dealt with in time of 
storm ; at such times the work is exceedingly heavy, and although 
the conations then obtaining are all gainst the Destructor, yet 
again and ^ain it has been demonstrated that with inteUigent 
handling it is quite equal to the abnormal demands. 

At Aldershot during last summer, although the normal flow 
of sewage does not exceed 650,000 gallons daily, yet during the 
torrential rain storms as much as 2,500,000 gaflons had to be 
pumped, and this with very wet summer refuse, of very low 
calorific value, and with an abnormal percentage of moisture ; 
but in spite of this, not one pound of fuel other than refuse was 
used. 

When an abnormal flow has to be pumped during the summer 
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months, the Deatruotor ie very severely tested ; almost invariably 
less refuse is available at this season, and the percentage of 
moisture is high, owing to the greater proportion of green 
material In the refuse. 

Fires being but little used, the percentage of cinder is very 
low, and the calorific value of the refuse is very materially 
reduced, as compared with that produced during the winter 



Yet in spite of this, not only at Aldershot, but in other 
towns the refuse alone has constantly sufficed to provide power 
for pumping a very heavy flow, in some instances five times 
the norm^ flow. This but serves to show that the modem 
Destructor possesses considerable elasticity, and that when in- 
telligently handled, results can be obtained, even under the most 
adverse circumstances, which might at first sight be considered 
impossible. 

The elasticity of the modem Destructor is a very strong point 
in its favour for use in combination with an electricity works. 
This is merely mentioned here in passing, because this useful 
elasticity is so clearly exemplified in such cases as have been 
mentioned, where the demand over a given period, although 
abnormal, is yet satisfactorily met, and without the use of coal. 

The record of the Destructor combined with the sewage works 
is, up to the present time, a highly satisfactc^y one, and we may 
confidently expect that the combination will increase in favour. 

Curiously, the average councillor has not shown anything like 
so much enthusiasm over this combination as with that pre- 
viously discussed, but this may perhaps be attributed to the fact 
that electricity is always more fascinating than fllth to the 
average individual. 

There is but Uttle glamoiir about filth, either in the form erf 
sewage or refuse ; and although, , strictly speaking, perfect 
sanitary conditions should appeal far more strongly than lighting 
or traction, yet the fact remains that there is too often a desire 
to forget the filth, while much time and attention is devoted to 
the more attractive municipal problems. 

A sewage disposal works is not looked upon as a profitable 
132 



by Google 



DESTRUCTORS COMBINED WITH SEWAGE WORKS 

undertaking, commeicially speaking. It is rec<^;nized as a 
necessity from a sanitary point of view, and it is clearly under- 
stood that in itself it must have a charge on the rates. 

In the past there has been a tendency to instal Gas engines 
at sewage worka, more particularly in small towns ; but with 
the many excellent combined sewage and Destructor works now 
in operation, a gas plant can only be recommended under excep- 
tional oirctunstances, specially favouring this form of motive 
power. 

It may be assumed that 5 tons of refuse daily will provide 
sufficient power to pump the sewage of a population of, say, from 
5,000 to 7,000 ; and as the clinker ia now recognized as a valuable 
asset at many sewage works for use on bacteria beds, even in 
the case of a small town the Destructor offers distinct advantages 
as compared with the gas engine. 

If gas engines be chosen, or if a steam plant be installed with 
coal as the fuel, the refuse question has still to be faced ; and if 
the bacteriological system of sewage treatment be decided upon, 
without clinker available, this must be purchased, and often from 
a considerable distance. It ia true that c^ke, or coke breeze, 
may be used, but these have to be paid for ; ordinary furnace 
clinker is sometimes available, but neither of these three 
mediums can be compared with good vitreous clinker ; and this is 
now generally admitted. 

The clinker, then, is valuable, and being produced on the 
spot, is in itself a considerable source of economy. To the 
thoughtful citizen, it must be interesting to know how one form 
of civic waste will, in the process of destruction, furnish power 
for dealing with the liquid waste, and that the innocuous residue 
from the former offers the best known medium for the purification 
of the latter. 

To the sanitarian this acme of utiUty must appeal with force. 
It must be admitted that very satisfactory progress has been 
made, but which, perhaps, can only be fully appreciated by those 
who have had opportunities of carefully studying the problems 
involved. 

In a few towns electrically driven pumps have been installed 
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at Beware works, but little headway has been made. This may 
mainly be attributed to the fact already alluded to, viz. the 
location of the sewage works. To lay a cable, in Bome cases 
over a distance of one mile, means a serious initial expense, after 
which transmission losses have to be reckoned with- 
in one or two cases electric driving has been substituted for 
steam driving, mainly to provide a day load for the electricity 
works, but with very unsatisfactory results financially to the 
sewage works. 

A cose of this kind recently came under the writer's notice — 
a town within 100 miles of London, where for many years, with 
a steam plant, the cool bill had never exceeded £600 per annum. 
The conversion to electric driving involved a payment of over 
£1,100 per annum to the electricity department for the supply of 
current to do practically the same work. Incredible as this may 
seem, it is absolutely true, and it represents nothing more or less 
than the deliberate crippling of one department in order to support 
another which should be self-supporting. 

In two towns where both the sewage and electricity works 
are on the same site, good results are being obtained ; but in both 
cases it is interesting to note that Destructors are also combined. 

In the above case it may, perhaps, be fairly argued that the 
Sanitary Committee should only pay the Electricity Committee 
the same sum as was previously paid for coal ; but, rightly or 
wrongly, that sum was increased to the amount quoted. 

Whatever advantages may accrue from the electrical driving 
of sewage pumps, the fact remains that it cannot be compared 
with the combination which we are discussing ; just as the gas 
engine falls short of the ideal, so does electric driving. The 
Refuse Disposal question remains unanswered. 

A Destructor can often be erected at a sewage works with 
but little expenditure, as compared with an entirely new and 
complete installation. This, when fully appreciated, must carry 
great weight. 

In many cases Destructor cells might readily be adapted to 
existing coal-fired boilers ; the same chimney would also suffice, 
thue the capital expenditure may be very materially reduced. 
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At Hereford, Nuneaton and Aldershot, among other towns, 
this coarse has been adopted ; and the Destructor adaptation 
has been highly successful, fulfilling all expectations at the abso- 
lute minimum of cost. 

Having steam boilers within a building, and a suitable 
chimney, the Destructor, with a building and accessories only, 
have to be installed. The structural alterations usually necessary 
are not serioua, and involve but little expense. 

The adaptation of Destructors to existing boilers at the 
sewage works at Hereford, Aldershot and Nuneaton, for example, 
cost less than £1,200 in each case, the result being the saying of 
the whole amount previously paid for coal ; this being as follows — 



Hereford . 
Aldershot . 
Nuneaton . 



In addition to the above saving, the clinker is fully utilized 
for the bacteria beds and other purposes, affording an additional 
source of economy. 

In many towns where steam plants are now in use at sewage 
works, involving a fuel cost of from £600 to £1,000 per annum. 
Destructors might be adapted and the whole of the present fuel 
cost saved. 

To effect such a saving in every case would involve an 
expenditure varying from, say, £1,500 to £3,000, according to 
the weight of refuse to be dealt with. It must be admitted that 
this presents a ver^- strong argument for the combination, and 
further, that such combination would be of immense benefit to 
the long-suffering ratepayers, apart altogether from the realiza- 
tion of the sanitary ideal, which must be ever foremost. 
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REFUSE DESTRUCTORS COMBINED WITH WATER 
WORKS 

ALTHOUGH up to the present time little has been done in 
the combination of Refuse Destructors with Water Works, 
there is no doubt that during the next few years many such com- 
bined installations will be erected. 

If the Destructor is carefully designed and contained within 
suitable buildings, contamination need not be feared, even with 
open reservoirs in use. In such a case, however, the question of 
design calls for special attention. The buildings must be so 
arranged that the Destructor plant is entirely closed in, air being 
drawn into the building for ventilation, and exhausted by suction 
for purposes of combustion. 

The arrangements for storage of refuse, as may be necessary, 
should be as perfect as possible. The clinker, instead of being 
wheeled out into the open, should be stored under cover. The 
refuse must be deUvered at the works in closed or covered vans, 
and tipped within the building with preferably closed doors. 

If no open reservoirs are in use, and the deep well pumps are 
enclosed within a distinct building, then the combination of the 
Destructor does not involve so much expense in the arrangement 
of the bnUdings, there being practically no risk of contamination 
if reasonable care be exercised. 

Some few months since a section of the Council of a town 
in the Eastern Counties were anxious to destroy the refuse of the 
town at the water works, mainly with a view to saving the coal 
bill. The quantity of refuse available being found inadequate 
tor the purpose, the scheme was abandoned. 
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Curiously, only a few months before the matter was intro- 
duced to the Council, they had unanimoualy censured their 
water works man^^r for keeping a. goat and a few chickens in 
his garden at the works ; contamination of the water was feared, 
and the hve stock had to quit. Such an incident is only men- 
tioned to show how inconsistent some Councils are. If pollution 
or contamination were possible owing to the presence of a few 
chickens and a goat, what might be expected from the filth of the 
town ? 

As already observed, in order to meet the special require- 
ments of the case, it may often be found necessary when erecting 
a Destructor at a water works to spend rather more money on 
the buildings than is usually the case. It may also happen that 
the special arrangement of the Destructor will involve a slightly 
greater expenditure than under normal conditions. Should this 
be deemed advisable, let it be entered upon cheerfully, having in 
mind the special circumstances of the case and the absolute 
necessity for unusual care. 

Sentimental objections having been overcome, one of the 
causes which is likely to operate against the combination of 
Destructors with water works will be the location of such 
works. 

As with sewage works so with water works. As a general 
rule, they are not situated in central positions ; in fact, in not a 
few cases water works are a considerable distance from the town. 
In such cases the cartage cost must be the determining factor. 

A few years ago any suggestion to combine a Refuse Destructor 
with a water works would have been ridiculed. I may go 
further and say that the weight of sentimental objection fol- 
lowed by the veto of the Local Government Board would have 
at once rendered the combination impossible. It may at once 
be admitted that, even a few years since, the combination was 
not advisable. The Destructor had not been perfected, and, 
generally speaking, the design was crude and unfinished. Those 
details in design and general arrangement which are so essential 
for this combination had not been considered. Under such 
ciroumstanceB the combination of a Refuse Destructor with a, 
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water works would have been productive of trouble, and 
examples of the kind would have seriously militated against 
future combination. 

Happily, there are no failures to record ; this, perhaps the 
most critical combination of all, was only entered upon at the 
right time, i.e. when the Destructor was perfected, therefore 
with a clear record and no unfortunate past, this combination 
must find favour, and we shall see many combined works in the 
immediate future. 

At SheernesB, where a Destructor is erected in combination 
with the water works, the results obtained have been exeeed- 
ii^ly satisfactory, with the exception of Sundays, when, of courae, 
there is no collection of refuse. No coal whatever is used, the 
daily collection of refuse providing the whole of the steam 
required for lifting the town's water supply from the deep wells. 

Perhaps no more central site could be found than that at 
Sheerness, and, fully appreciating the absolute necessity for 
preventing nuisance of any kind, the building was so arranged 
that the carts, when bringing the refuse in, disappear within 
closed doors. The Destructor end of the building ia also so 
screened ofi that any escape of dust, either when charging or 
clinkering the cells, is rendered absolutely impossible. 

In order to clearly appreciate the position of this Destructor 
it is necessary to refer to Figs. 81 and 82. Not only is the 
Destructor within a few yards of the water works, but, within 
a few feet of the tipping platform, a school ia situated ; this 
building will be observed in Fig. 82 on the extreme right. 

In front of the Destructor buildings are the Council offices, 
while the whole site is surrounded by houses. The writer, who 
advised the Sheerness Urban District Council, was quite con- 
vinced that, notwithstanding the abnormal conditions, it would 
be quite possible to erect a Destructor in this unique position, 
providing careful attention was given to the details and also to 
the design of the building. 

The general arrangement of the building was discussed with 
the Council's surveyor, li/ii. T. F, Berry, and we were able to 
design a building which, while being in every way suitable. 
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was at the same time bo arranged aB to sbsolutely prevent 
nuisance of any kind. 

Few water works in this country are bo centrally situated 
as in the case of Sheerness, and it is safe to say that there is 
not another Destructor similarly located. It may, therefore, be 
of interest to briefly review the reasons which induced the 
Sheernesa authorities to decide upon the site in question. 

Faced with a scavenging account of over £26 per week, which 
amount had to be paid to a contractor for collecting and tipping 
some 70 tons of refuse weekly ; burdened with a coal bill at the 
water works of £500 per annum, it is not strange that economy 
was sought. The anthor, after looking carefully into the case, 
strongly advised the Council to erect a Destructor at their water 
works, because this would effect a twofold economy — Firstly, 
the scavenging and collecting cost would be reduced to the 
minimum ; and, secondly, the coal bill would be saved. 

It was clear that by choosing the site in question an economy 
of at least £900 per annum could be effected. It now remained 
to arrange the plant and the buildings to meet the peculiar 
necessities of the case, as already observed. This was done, and 
as I write this, the first six months' working, just completed, 
shows an economy at the rate of nearly £1,000 per annum — 
equal to a reduction of 3d. in the pound on the rate. 

The unique interest attaching to such a case as SheernesB is 
my excuse for dealing with same at such length. The experience 
gained with such an installation is of the utmost value, even 
apart altogether from the particular combination in question. 
A Destructor working under such abnormal conditions is a most 
useful object lesson, and should do much to popularize the Refuse 
Destructor and instil confidence. 
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DESTRUCTOR SITES 

THE real vexata quealto now, generally speaking, is not 
whether a Destructor shall be adopted or otherwise, but 
rather as to where it shall be located. 

There is a prevalent and mischievous delusion that, for the 
most part, Refuse Destructors have been erected at a considei^ 
able distance from houses. This is absolutely incorrect. On the 
other hand, no less than 94 per cent, of the Refuse Destruct<HB 
working at present in Great Britain are in close proximity to 
houses. 

Naturally the question of site is one of great importance in 
connection with the Power Destructor. Electricity works are 
invariably erected on central sites ; sewage works and water 
works are also, as a general rule, situated within reasonable 
distance of the centre of a town. In a large number of towns it 
is therefore possible, with a reasonable cartage cost, to destroy 
the refuse on such a site as offers an outlet for the profitable 
utilization of the resultant heat for steam generation. 

It is very remarkable that those who would have the Destruc- 
tor erected beyond the hmits where the power can be utilized, 
are the same people who would raise no objection to the filthy 
accumulation of refuse on a tip in a very much more central 
position. They aggravate their incongruity by insisting upon a 
considerably heavier cartage cost for sanitary and final disposal 
than would satisfy them in connexion with the primitive and 
filthy method of hoarding filth. It is ignorance of this type 
which we have to combat ; and the task would be very much more 
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difficult than it is, if it were not for the very reasonable attitude 
of the Local Government Board. 

There could, perhaps, be no more striking tribute to the 
general excellence of the modern Destructor than the fact that 
the Local Government Board are constantly sanctioning schemes 
where it is proposed to erect Destructors in very central positions. 

It cannot be urged that the Local Government Board have 
any self-interest ; and it must be conceded that each case is care- 
fully investigated publicly on the spot, and afterwards con- 
sidered OD its merits. 

If any sympathy has been shown by the Local Government 
Board towards schemes providing for the fullest utilization of 
the power, which coittse is clearly for the benefit of the rate- 
payers, such sympathy or interest is always dominated by the 
main factor, which must always be the suitability of the pro- 
posed plant for the specific conditions existing. 

Every Destructor scheme does not pass the Local Government 
Board without modification, and suggestions are frequently 
made either by the Inspector when examining the site, or at a 
later date, when the evidence and plans are under consideration 
at Whitehall. 

Local Government Board inquiries concerning Refuse 
Destructors are by no means devoid of humour. Perhaps I 
may be permitted to enUven the dull pages of a work of this 
character with one reminiscence. In a town near London, 
which shall be nameless, an inquiry was being held, and many 
witnesses gave evidence against the proposed site, although it 
waa by no means centrally situated. One worthy member of 
the Urban District Council — who, by the way, had never seen a 
Destructor — addressed the Inspector for some few minutes with 
much vehemence, but with little logic. The Inspector, who was 
visibly wearying, at length aaked the witness whether he would 
be so good, before proceeding further, as to enlighten him (the 
Inspector) whether he was speaking for or against the proposed 
Destructor. Needless to add, the worthy councillor quickly 
resumed his seat. 

The question of a suitable site is such a vexed one to the lay 
141 



i:; GOOJ^IC 



REFUSE DI3PD3AL AND POWER PRODUOrroy 

mind that few liocal GoTernment Board inquiries concerning 
Refuse Destructors pass without opposition. Having given 
evidence at a number of inquiries, the author is in a position to 
say that the opposition, as a general rule, is of a frivolous and 
ignorant nature. The proposal to introduce a Destructor is 
resisted frequently by a number of well-meaning but, neverthe- 
less, ignorant citizens. 

The experience gained by the Local Government Board Inspec- 
tor is such that he is readily enabled to sift evidence, and appraise 
the same at its real value. If this fact were only recognized by 
some energetic citizens, who will talk about that which they have 
never seen and do not understand, the result would be a great 
saving of time and money. 

Among the illustrations here reproduced a few will be found 
showing Destructors erected in somewhat unique positions. 
These are, however, but a few out of many such installations. As 
already observed, the majority of the Destructors in this country 
are in daily operation in close proximity to houses. 

That complaints of any kind are almost unknown should be 
an all-sufficient answer to those who doubt ; and it should be 
borne in mind that a considerable percentage of the Destructors 
which have been erected in close proximity to houses were erected 
many years ago, and, accordingly, are not so well designed or so 
complete as modern Destructors. 

Much has been said about depreciation in the value of property 
OS the possible result of the erection of a Destructor near to houses ; 
but this may at once be dismissed as untrue. Again and again 
has the author heard this aspect argued at Local Government 
Board inquiries, on some occasions by eloquent counsel, on 
other occasions by the tremblii^ property owner ; but never 
yet have I heard any logical evidence whatever in support of 
such an assertion, nor have I ever beard a single example quoted 
to show that property does depreciate. 

On the other hand, I have heard a mass of evidence to the 

contrary, and 1 have heard cases cited where property has 

increased in value, this, of course, not being due to the erection 

of the Destructor, but merely owing to local circumstances. Such 
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casea do, however, clearly support the caae for the Destructor. 
Granted that a Destructor can be erected upon a central site, 
and operated without nuiaance, such a site should be chosen, if 
for no other reason, then for the common good of the ratepayers. 

In every town of reasonable size the cost of collection of the 
refuse is a factor worthy of very careful consideration; and 
every effort should be made to bring down the cost of collection 
to the minimum. 

The minimum of cartage cost, combined with the fullest 
possible utilization of the power, offers at once the maximum of 
advantage to the ratepayer. If he is so ill-advised as to resist 
this, in the result his own pocket is touched. 
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THE COMPARATIVE ADVANTAGES OF STEAM JET 
BLOWERS AND FANS 

THE comparative advantages of steam jet blowers and tame 
for use in connection with Destructors presents a highly 
controversial subject. Much has been written in defence of each ; 
but in spite of this the question is still a vexed one, and there is 
every indication that it will so remain. 

Destructor makers who employ fans lose no opportunity of 
asserting the superiority of the Fan over the steam jet blowers, 
while the makers of the latter dvow that steam blast possesses 
distinct advantfiges over dry air blast. 

It must be admitted at the outset that in so far as actual 
steam consumption is concerned, the fan usually has the advan- 
tage, and this is, perhaps, the main advantage claimed for the 
same by its advocates. 

Another advantage which is realized in some combined 
electricity and Destructor works is that it is possible to operate 
an electrically driven fan earlier after standing, while steam jet 
blowers could not be used until a reasonable steam pressure had 
been reached in the boiler. 

It should not be forgotten, however, that in most combined 
works, although the Destructor may be standing with banked 
fires for many hours, the steam pressure in the boiler is usually 
sufficiently high to enable st«am jet blowers to be supplied and 
operated immediately. 

As the result of considerable study, the writer has come to the 
conclusion that the economic advantage already mentioned is, 
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generally speakii^, the only real advantage poBsesaed by the fan 
over the steam jet blower. 

Allowing that the fan is more economical in steam consump- 
tion, the steam jet blower atill has distinct economic advantages 
over the former. These may be briefly summarized as follows^ 
(a) That the first cost is considerably less. 
(6) That the cost of upkeep and maintenance is but 

trifling. 
(c) That it is exceedingly simple, and self contained, 
the steam consumption being in direct proportion to 
the work done. 
That the steam jet blower equipment is very much cheaper 
wiU not be disputed, as also the fact that the cost of upkeep and 
maintenance is negligible ; whereas it is not only necessary to 
provide fans in duplicate, but the depreciation is serious ; 
attention and lubrication are also essential. 

The advant^e of the steam jet blower from the point of view 
of simplicity is so obvious that it may be passed over. Again, 
if a fan is provided to supply draught to, say, six cells, the fan 
must stiU be used, even if only two ceUs are in use, and the steam 
consumption is not pro rata with the reduced work. Further 
depreciation must still be allowed for, and the fan demands 
perhaps as much attention as though working up to the maximum. 
On the other hand, with the steam jet blower, if only one 
cell out of six is in use, the steam consumption is in direct pro- 
portion to the work done. With a four grate unit Meldrum 
Destructor, for instance, if only two grates (only half of the cell) 
are in use, the blowers under those two sections of the grate only 
are in use. 

It has been recently suggested that with the steam jet 
blower, moisture may be deposited upon the back end of the 
boiler and economizer pipes. This suggestion is without any 
foundation in fact ; hundreds of cases might be cited where 
steam jet blower draught has been in use for over ten years past, 
and moisture has not been detected upon the end plates of boilers 
or upon the economizer pipes. On the other hand, wherever 
this system of forced draught is installed, the efficiency of the 
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economizer is materially increaBed, resulting, of course, from the 
higher combustion temperature.' 

In a paper read in Dublin early in March of the present 
year, Mr. H. Norman Leask, the writer of the article already 
mentioned, again referred to the alleged deposit of moisture, and 
advocated the use of dry hot air as against saturated heated air,' 

That dry hot air is of immense value for combustion there 
can be no doubt, but what is meant by satm-ated heated air is 
not at all clear, unless a combined system of steam jet and fan 
is intended, as shown in Fig. 35. 

This illustration shows Heenan's Patent, No. 9,065 of IdOO, 
and provides for the employment of a steam jet in connection 
with a fan, preferably to utilize exhaust steam. It is said that — H 

This method of heating the forced draught or air supply utilizes the 




heat of the exhaust steam, which would otherwise be l^st, and at the 
same time effects a considerable advantage in the combustion of the 
furnace. 

Now if, as Mr. Leask submits, a deposit of moisture and 
ultimate corrosion may result from the use of Uve steam, often 
at 160 and even 200 lbs. pressure, with steam jet blowers, then 
it is but reasonable to suppose that this trouble must be very 
much more serious if exhaust steam is used. 

Again, if exhaust steam will materially add to the tempera- 
ture of combustion, it must be conceded that high pressure steam 

' See Surveyor. January 30, 1903, 

• Sbe Proceedings of The Institution of CiiHl Engineers of Ireland, 1903. 
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should greatly increase the temperature ; and for the aaturation 
of heated air it is quite certain that exhaust steam must be very- 
much more efEective than live steam even of low pressure. 

It is, perhaps, only natural that the advocates of fan draught 
are not content with the candid admission that in actual steam 
consumption they have the advantage, because, as will be seen, 
there are other vital considerations apart altogether from the 
actual consumption of steam neceHsary to move a given volume 
of air. 

With further reference to the question of moisture, it is 
interesting to note that even in some large modern Destructor 
installations provided with fan dratight,^ provision is made for 
turning on a supply of Uve steam previous to cUnkering, thus at 
once admitting the value of free steam. 

Mr. H. Norman Leask, in the paper already referred to, 
argues that a higher temperature can he obtained vriih fan 
draught ; but this is entirely contrary to actual experience. 

The highest temperatures and the highest average tempera- 
tures on record have all been obtained with steam jet blower 
draught, together with an altogether remarkably successful record. 

This is not a question of one maker against another, but of the 
comparative merits of two entirely different systems of air supply. 

Mr. W. H. Maxwell, Chief Engineer of Partick electricity 
and Destructor works, where a high class fan draught plant is 
installed, and also steam jet blowers, expressed hie opinion as 
to the comparative value o£ the two systems, as follows — * 

The relative advantages of fan and ateam blast ia a point of great 
importance. I have made no te«te, but from actual working we have 
found that with the latter a Bteadier steam preeaure is maintained, and 
more steam per ton of refuse ia available at the engines. 

The Partick installation is a modern one, being opened in 
March, 1902. Three centrifugal fans are provided, each capable 
of delivering 10,000 cubic feet of air per minute, each fan being 



*- This ia now a common practice with Fan Draught. 
' The Ekclrician. December 5, 1902. 
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driren by an independent single cylinder high speed engine. 
Two fans are capable of supplying all the air required, the third 
fan standing idle in case of a breakdown. 

Mr. Maxwell's opinion obviously cannot be lightly passed 
over. It is clearly expressed, and substantiates what has been 
claimed for the steam jet blower. 

Nearly three-fourths of the modern high temperature 
Destructors in this country are provided with steam jet blower 
forced draught ; moreover, in a few instances fans have been 
removed and replaced by steam jet blowers ; and in connection 
with several Destructors where complete fan plants are installed, 
steam jet blowers are also fitted. 

It may be reasonably asked, why steam jet blowers are 
installed in addition to a duplicate installation of fans t It may 
further be observed, why is the former installed under any cir- 
cumstances if it is so inef&cient as we are told 1 

We may assume that steam jet blowers are included, in 
addition to fans in dupUcate, because, although duphcated, it 
is still possible for the fans to break down. As to the alleged 
inefficiency of the former, this must be judged by the reeider, who 
has facts and figures before him directly bearing upon both 
systems. 

The steam jet blower was once defined aa " a cast iron pipe, 
having a steam pipe at the inlet end." The writer fears that this 
is a definition which might be given by many critics, but the fact 
remains that such a definition fails entirely to convey an accurate 
description of a good steam jet blower. 

It may be truly said that even as there are fans and fans, so 
are there blowers and blowers. That a remarkable difference 
exists in the efficiency of various fans is well known. Even if not 
generally known it is none the less true that there is a very wide 
difference in the efficiency of steam jet blowers. 

The problem which the maker of steam jet blower apparatus 
is confronted with may be briefly stated as " how to move the 
greatest volume of air with the smallest volume of steam," and 
correct scientific proportion and design enter largely into the 
production of the first class steam jet blower. The close student 
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of the subject will be aware that steam jet blowers differ in effi- 
ciency to perhaps a greater extent than fans. Blowers are in lue 
in connection with Destructors using from 12 percent, to 40 per 
cent, of the total steam produced. 

Whilst it is of the highest importance, especially with the 
modem power Destructor, that the draught shoidd be produced 
for the lowest possible steam consumption, yet Eia will he evident 
there are other considerations of great importance. 

Some of these we have already discussed ; there now remains 
the question of water gas in combustion. Generally speaking our 
British refuse is sufficiently rich in carbon to produce and main- 
tain a temperature sufficiently high to decompose the steam, the 
result being the formation of water gas in the cell. 

The water gas is formed during the passage of the steam 
through the bed of incandescent fuel on the grate. The under- 
side of the clinker when removed differs essentially from that 
removed from s cell worked with fan draught. In the former 
case the underside of the clinker has a clean and vitreous appear- 
ance, leaving the grate surface with comparative ease, the result 
being that the clinkering process is less arduous, and the fire-bars 
have a much longer life. 

With fan draught, unless supplementary steam is used, the 
labour involved in clinkering is materially increased, and the fire- 
bars suffer by the adhesion of the clinker, and so need more 
requent renewal. 

The water gas, far from having a deterrent effect on combus- 
tion, as has been allied, is of very great benefit. More or 
less plausible theories have been advanced with a view to 
explaining away the value of water gas, but as against theory 
there is accumulated evidence of fact. Mr. George Watson has 
clearly demonstrated its value, and has done not a little to put 
on record comparative results, which all go to prove that the 
formation of water gas is of material advantage. It would 
appear that the effective chemical combination of certain gases 
is more definitely ensured with vapour present than with dry air. 

Some years since, when Lord Kelvin and Professor Barr con- 
ducted exhaustive experiments at Oldham Destructor works, 
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they were deeply impressed with the utility of steam jet blower 
draught, as the following extract from their report will show. 

Tlie st«am is condensed by contact with the cold air which it injects, 
and the water thus produced ia re-evaporated in contact with the f umai^e 
bare, keeping down their temperature. In this way the Ufe of the furnace 
bars is greatly prolonged. A more important function is, however, fulfilled 
by the steam. In coming into contact with incandescent fuel it is 
decomposed, the hydn^en being freed, while the oxygen combines with 
the carbon in the fuel to form carbon monoxide. 

This decomposition of the water is effected by heat abstracted from 
the lower part of the fire, wh^^ it can be of comparatively email value 
for the cremation of the distillate. 

The " Wat«r Gas " (Hydrogen and Carbon Uonoxide) passes upwards 
to be burned by the excess air which it meets with over the fire, thus 
serving to increase the temperature which would otherwise exist at the 
meeting of the products of combustion with the gases distilled from the 
raw material. 

The formation of water gas has always been regarded as one 
of the advantages of the steam jet blower, and as being peculiar 
to this type of draught, but a glance at Fig. 35, and a perusal of 
the extract from the patent specification, will show that the use 
of an exhaust steam jet with a centrifugal fan must inevitably 
have the effect of producing water gas. To quote from the 
specification, we are told that 

It effects a considerable advantage in the combustion of the furnace. 

The only advantage accruing must obviously be due to the 
presence of moisture — the formation of water gas, and it is 
indeed remarkable that this combination of an exhaust steam jet 
and a centrifugal fan was patented by one of the severest critics 
of the steam jet blower, which, on the other hand, is always 
designed to use live steam, and that usually at high pressures. 

Such figures as are available all go to show that the combus- 
tion is more perfect where steam jet blowers are in use. Care 
has been taken to include authentic figures only, and the analyses 
here quoted may be accepted as correct. 

As is well known, the nearer the air supply is kept to the 
quantity theoretically required for combustion, the higher is the 
percentage of CO, (carbonic oxide). The test for C0| is now 
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generally accepted as being the standard test for determining 
the efficiency of combustion. 

As it is useful in comparing results obtained with the two 
systems of draught production to know the air pressure in the 
ashpits (in inches of water), and also the rate of combustion, 
these figures are included in each case, (see Tables, pp. 152, 
163). 

The comparative figures in the following tabular statement 
are worth careful study ; they very clearly show that for perfect 
combustion the Destructor working with steam jet blower 
draught has the advantage. It is only possible to take into 
consideration such figures as are complete and authentic. It is 
true that the tests are but few in number, but they cover long 
as well as short periods, forced and easy working, and air pressures 
from IJ' to 31", Further, four distinct types of Destructors are 
represented, and on the whole it may be submitted that fair 
comparison can be made. 

It will be observed that some tests for CO, were mode at 
Warrington, in 1884, these were probably the first tests of the 
kind ever conducted in connection with Destructors. The analysis 
of the gases of combustion is a comparatively new departure in 
connexion with the Destructor practice. Such analyses were 
never heard of in connection with the old low temperature 
Destructors, and in the light of modem practice it is easy to 
see what imperfections such analyses would have laid bare. 

Concerning the excellent percentage of COj in every case 
with steam jet blower draught, perhaps the Rochdale results 
are especially noteworthy, these very high figures being obtained 
with aU the doors open eight inchea. This but serves to prove 
what has been contended for years past by those who have closely 
studied the matter, that it is possible to so r^;ulate the forced 
draught and chimney pull, that a perfect balance of the gases 
is secured, and with this condition existent in the cell cold air 
cannot enter even with the doors wide open. 

This may be readily tested in a simple but conclusive manner 
by holding a handkerchief loosely in front of the open door : 
it will remain perfectly motionless if the gases are balanced by 
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REFUSE DISPOSAL AND POWER PRODUCTION 

proper regulation of the forced draught. If this balance does 
not exist, whatever system of forced draught is in use, cold air 
will enter when the doors are opened, the combustion, i.e. the 
percentage of CO,, will suffer accordingly, and if the simple 
handkerchief test be applied, this, insteful of hanging vertically 
inactive, will be sucked in the open door immediately. 

Like the Rochdale figures, the Hereford figures are also of 
much interest, in this case the percentage of CO, being tested 
by means of the Econometer, as well as the Great apparatus. An 
Eoonometer is still in daily use at Hereford, giving a constant 
record of CO, in the gases. Further, at Hereford this remark- 
ably high percentage of CO, is obtained, notwithstanding the 
fact that cold air is supplied to the blowers for combustion, while 
in the case of the latter installations included in the table such as 
Lancaster and Nelson, hot air was used. 



COMBOSTION AND THE AlR SuPPLY. 

There can be no doubt that the more closely the cardinal 
principles governing combustion are adhered to, the better are 
the results obtained. Of course, the whole question of design 
and proportion is also closely involved, and demands careful 
attention, or it is impossible to obtain satisfactory results. 

It has already been observed that the modem American 
Destructor is very unsatisfactory, and that this may be largely- 
attributed to lack of knowledge and experience in design. Had 
Destructors in this country not been designed by those properly 
qualified, it is quite possible that our position would be but little 
better than that in America. This particular class of work, 
however, has always been recognized as a distinct branch of 
engineering, and this to a large extent goes to explain why our 
failures have been but few, compared with the many failures in 
America. 

So long as the qualified and experienced engineer is recog- 
nized as being alone fitted for this special work, so long shall we 
progress. Even in more modest furnace work, again and again 
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it has been shown that the inexperienced vill not do, and that to 
engage one who is not a specialist is to court disaster. 

Combustion in furnaces may be simply expressed as con- 
trolled chemical combination of the elements — carbon and 
hydrogen — in the refuse or fuel, with the oxygen of the atmo- 
sphere. 

It may be also well to observe at the outset that unless per- 
fect combustion ia obtained, it is impossible to operate a Destruc- 
tor satisfactorUy, this must be the case whether the Destructor 
is a Destructor pure and simple, or whether the power is utihzed. 
Notwithstanding the absolute necessity for perfect combus- 
tion, it is a fact that five out of every six Destructor works in 
this country are without any apparatus for analysing or testing 
the gases of combustion. The composition of the gases is un- 
known ; in many instances even where Destructors have been in 
operation for from ten to twenty years it is safe to say that tiie 
gases have never been tested. 

In spite of this, any inquiry as to the possibility of imperfect 
combustion would only lead to an invitation to look into the cell, 
or main flue, perhaps to gaze at the chimney top. This may bo 
satisfactory, or it may not, certainly it cannot be compared with 
actual analysis ; a mere glance through an inspection hole, or even 
into an open door, can but very inadequately convey what is 
actually taking place in the way of effective combination of 
dissimilar elements. Again, even close scrutiny of the chimney 
top, while satisfying the layman, is but a poor index as to what 
is taking place in the cells. 

It is of the highest importance that the air supply be so 
regulated that the excess of air suppUed for combustion shall be 
as low as possible, closely conforming to theoretical requirements. 
Where this matter has received careful attention in connection 
with large steam power installations within recent years, a 
remarkable advance has been made, and a point of eflSciency has 
been reached which is almost incredible. 

When similar methods have been suggested in connection with 

Destructor installations it has been observed that such a high 

efficiency is not necessary, and that while it is perfectly rpason- 
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able to thus ensure the highest economy with coal, which is 
often costly to purcluise, no auch methods are worth serious con- 
sideration when refuse is being burned, because of its low calorific 
value. 

Such a line of argument is not so reasonable as it may at first 
sight appear. If refuse is recognized as possessing a fuel value, 
it is surely worth while to ensure the yielding up of its maximum 
calorific power. It is a question of ineflScient v. eflBcient com- 
bustion, fireUy, and even as a Destructor pure and simple it is 
smportaut that the combustion should reach the highest effi- 
ciency, while at the same time such a condition is essential for the 
best possible results in power production. 

It la only by careful attention to the air supply that real 
efficiency can be attained, and the maximum efficiency is of great 
importance with the modem Destructor in order to render the 
same self-supporting. 

Owing to the provision of very high and powerful chimneys, 
with the early Destructors the excess of air passing through the 
cells must in many cases have been enormous. With 2 per cent, 
only of CO, in the gases of combustion, the loss of heat would be 
about 65 per cent., owii^, of course, to the heat taken up by the 
excessive volume of air supplied. With 9 per cent, of CO, in 
the gases the loss in this way would only be 15 per cent, and with 
14-5 per cent, of CO, registered, the loss would be reduced to 
10 per cent. To show a percentage as high as 145 per cent, 
constantly would be excellent practice, but nothing more than 
should be aimed at and insisted upon as being evidence of effi- 
cient combustion. 

The diagram prepared by the late Mr. Bryan Donkin (see 
Fig. 36) serves to clearly show the loss of heat resulting from an 
excess of air as indicated by the percentage of COj in the gases 
of combtistion. 

The two methods of analysis for determining the percentage 
of CO, in the combustion gases are, briefly, the gravimetric 
method, with which the percentage is determined by weight, and 
the volumetric method, giving the percentage by volume. The 
latter system, although demanding chemical knowledge, is more 
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extensively used and gives very accurate results, the most popu- 
lar apparatus being that known as the " Orsat." 



^■M .-'^ Haf d^, ib difftn-nl a>neM'J> JCO,Uc 



¥\o. 38. 

The gravimetric method is perhaps best represented by the 
" Econometer," an instrument which gives a constant reading 
of the percentage of CO, on a dial, and requires but very little 
attention. 

A number of these instruments are in use in various parts of 

the country, in connection with steam boilers, and when tested 

with the Orsat apparatus for CO, the results practically agree, 
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The Use of Hot Air fob, Combustion. 

The employment of heated air for combustion is perhaps one 
of the most useful departures in recent years in Destructor prac- 
tice. Wliile the real utility of this innovation is more manifest 
with the power Destructor, than with the Deetructor pure and 
simple, there can be no douht that in the case of the latter it is 
exceedingly beneficial. 

The heating of air has been effected by two distinct methods 
only up to the present, the first being by means of side air-boxes, 
this system being peculiar to the Horsfall type of Destructor, and 
the regenerative system of air heating, first introduced with the 
Meldrum Destructor. 

The two systems are entirely different in principle, the Hors- 
fall air-boxes being placed on the sides of the firebars in the cell, 
firstly to prevent clinker adhering to the brickwork, for which 
purpose they are very effective, secondly to receive the air direct 
from the blast fiue, and distribute the same under the grate. 

It is obvious that the air, in its passage through the air- 
boxes, must have a cooling effect on the metal, in this way 
faciUtating clinkering from the sides and protecting the walls of 
the cell ; but unfortunately although this system has been in use 
for many years, no records are available as to the temperature 
to which the air is heated in passing through the air-boxes. 

With Meldrum's Regenerative system the whole volume of 
hot gases, after leaving the boiler, is intercepted and caused to 
pass vertically downwards through a battery of staggered cast^ 
iron pipes, the cold air for combustion circulates around the 
outer surface of the regenerator pipes, and is induced by the 
steam jet blowers to travel through a conduit connecting direct 
to the ashpits, where it is forced through the fire by the blowers. 
A somewhat similar system of air heating has been adopted 
with the " Heenan " Destructor as part of Howdeu's system of 
forced draught, which has been employed so extensively with 
marine boilers. 

It is well known that hot air has remarkable absorbent pro- 
perties, and herein lies one great advantage in its use with the 
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Deatructor, it rapidly absorbs moisture ; so effective indeed has 
the regenerative system proved to be in this respect, that the 
drying hearth has been entirely dispensed with. 

While the use of hot air not only dispenses with the necessity 
for a drying hearth with its perpetual distillation process, it enables 
very wet refuse to be readily dealt with without any difficulty, 
and this is very essential with the power Destructor, because for 
instance in the case of a sewage works, in time of flood or abnor- 
mal rainfall, when the pumping work would be much heavier, 
the refuse also being unduly wet, would be less useful as fuel. 

With wet refuse on the drying hearth, and (he forcing of the 
fires to meet the extra demand for steam, and cold air only avail- 
able for combustion, the danger is that while the amount of 
steam required is three times that required for normal pumping, 
under the very unfavourable conditions it may be difficult to 
obtain even normal evaporation from the boiler. 

The results obtained with the regenerative system have been 
in every way satisfactory, clearly proving that the combustion is 
more perfect, the temperature higher and more easily main- 
tained. These features are perhaps more readily appreciated 
in connection with a power installation, but at the same time it 
must not be forgotten that such favourable conditions of high 
temperature working with but little fluctuation ensure perfect 
cremation, a vitreous clinker and an immunity from nuisance. 

By the rapid absorption of moisture, the ignition point is 
reached so much earlier, and thus the whole cell is brought into 
an active state more quickly than can possibly be the case when 
hot air is used. Further, the air supply for combustion with 
hot air approaches more closely to the quantity theoretically 
required than is the case with cold air. 

A few actual figures will doubtless be of interest, as showing 
the difference in the temperature of air for combustion, entering 
and leaving the regenerator ; the former temperature may be 
taken as being approximately the temperature of the atmo- 
spheric air in the building at the time of the test, and accordingly 
represent* the temperature at which the air would have been 
supplied to the cells had the regenerator not been in use. 
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Date. 


DuratiDii 

Tart. 


Average lemperatuiB 


porn lure of 


Darwen 


Sept. 30. 
' 1899 


48 hours 


62" Fiihr. 


328" Fahr. 


Nobon 


Dec. 20, 
1900 

Feb. 19 to 

March 16 

1901 


9i hours 


Average of 19 
readings, 64° Falir. 


346" Fahr. 


Nelson 


4731 hours 




243" Fahr. 


NelBon 


April 25, 
1901 


8 hours 

12 hours 
2« min. 


Average of 29 
readings, 82° Fahr. 

62" Fahr. 


394" Fahr. 


Lancaster . 


Feb. 7, 
1902. 


478' Fahr. 



These figures will serve to clearly show that the air for com- 
bustion in its passage through the regenerator chamber is highly 
heated, and as this heat is abstracted from the gases after they 
have passed the boiler, it is so far a net gain, as unless an econo- 
miser be installed, the volume of the heated gases would pass 
direct from the boiler to the chimney. 

Experience has clearly shown that a Destructor suppUed with 
hot air usually discharges the gases even from an amply large 
boiler at a sufficiently high temperature not only to heat the aJr 
supply passing through the regenerator chamber, but also to 
efficiently heat the boiler feed water in an economiser. 

It will thus be seen that not only is the initial or cell tempera- 
ture considerably higher when hot air is used, but the fluctuations 
in temperature are confined within much narrower limits, and 
lastly, the ultimate temperature must obviously be higher. 
The ultimate temperature or the temperature beyond the boiler 
is a matter of importance, becatise, as has been already observed, 
the waste gases are of value for other purposes after actual ateam 
raising. 
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Chapter XIV 



SPECIAL POINTS m DESIGN FOR SECURING AND 

MAINTAINING HIGH TEMPERATURE AND STEADY 

STEAMING 

IN s critical analysis of design and construction it becom'es 
necessary to separate Destructors into at least two distinct 
groups. Firstly, we have single cell systems represented by the 
" Horsfall," the "Fryer," the "Warner," and the "Baker" 
patents. 

By single ceU systems is meant any arrangement of cells 
either in single row, or back to back, in a block, or arranged with 
a boiler between every two cells. In short every arrangement 
of Destructor cells which does not provide for the intermingling 
of the gases from two or more cells, either in the cell or cells, or 
in a combustion chamber common to both, or all of the cells. 

In the second group must be placed all systems embodying 
in a lesser or greater degree the principle of " mutual assistance." 
In this group we have Meldrum's system of " continuous grate," 
and also their Improved Beaman & Deas type, which has always 
been known as a system of erecting cells " in pairs," with a com- 
bustion chamber common to each pair of cells ; Heenan's 
system of "Twin Cells" also having a common combustion 
chamber for one or two pairs of cells ; and lastly the " Sterling " 
destructor, likewise designed on " the pair " principle, and having 
a central combustion chamber. 

Although divided into distinct groups, a great variety in 
design will be found in each group. It is unnecessary to disouaa 
i6i x 
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the details of design here, the special features of each make beii^ 
described in another chapter. 

As already indicated, each group embraces various mokes, 
embodying two distinct principles. A careful study of the matter 
has led the author to the conclusion that the principle here 
defined is to a far greater extent responsible for the varying 
dej^-ees of efficiency than mere details in design and con- 
struction. 

It has been said that it is impossible to secure a high tem- 
perature in the cell ; this ia an erroneous idea — it is quite possible 
to secure and maintain a high temperature in the cell, hut this 
can only be effected by designing the ceU in such a manner that 
it ahall never be idle. With systems conforming to this prin- 
ciple the highest degree of mutual assistance is embodied, and 
theoretically such systems should be the most perfect as Destruc- 
tors, because of the maintenance of a high temperature in the ceii, 
and most efficient as power producers, because such maintenance 
of high temperature in the cell ensures a constant supply of 
hot gases to the boiler, the temperature of the gases being high 
and well maintained. 

Following on similar lines, the types which next most closely 
approach the principle of " mutual assistance " are cells erected 
in pairs, but in the case of these there is a distinct difference, 
each cell is idle for clinkering and charging alternately, and it 
is therefore impossible to maintain a high temperature con- 
stantly in either of the cells, but the principle of deaifn, and the 
alternate system of charging and clinkering ensures the main- 
tenance of a high temperature in the combustion chamber, 
which as already pointed out is common to a pair of cells. 

With all systems of single cells, whether the cells are arranged 
in single row, back to back, or on either side of a boiler, each cell, 
03 a ceU, is isolated and entirely distinct from its neighbour. In 
the ordinary alternative system of working, an idle cell is in turn 
of necessity next to an active cell, and we may assume that in 
the case of the former, after clinkering and charging, the 
temperatiu^ will be fully 1,000° Fahr. below that of its active 
neighbour. 
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Oat of a battery of four such cells, three may be in full work 
while one is being cliukered and charged, bat the inactive cell 
can derive no benefit from its active neighbour on either side, 
excepting in so far as the whole volume of gases intermingle in a 
common main flue beyond the ceUa. 

Ten years since Sir Alex. R. Binnie and Dr. Shirley F. 
Murphy, in their report to the London County Council on Refuse 
Destructors, expressed their opinion as follows — ' 

In our opinion any arrangement which makes it possible for the 
unperfectly heated gases from drying refuse to escape into the flue without 
being compelled to pass through the hottest part of the furnace is an 
imperfect one. It is tfue that such gases may be completely burned by 
Kubsequent exposure to the heat of a cremator, but the most satisfactory 
and economical method appears to be to secure the most complete com- 
bustion possible in the cell iUelf. 

The foregoing report, while showing that the value of the 
front exhaust was fully appreciated, clearly carries with it a 
further meaning. It is suggested that the most complete com- 
buHtion possible should be secured in the cell itaelf. Precisely, 
and to ensure this it is of the utmost importance to secure and 
maintain a high temperature in the cell itself. 

Too much importance cannot be attached to the question of 
complete combustion in the celt. The safeguards beyond the 
cell may be ample, and in every way satisfactory, but it is of 
primary importance that we begin ab the beginning. If com- 
plete combustion be secured in the cell, then it matters not what 
may, or may not, happen beyond the cell in the main flue, com- 
bustion chamber, or immediately under the boiler tubes as the 
case may be. That the intermingling of the gases in the main 
flue may not be entirely satisffictory in maintaining a continuity 
of high temperature in the case of smaller installations is very 
obvious to the close student of design, and as a very large number 
of installations in this and other countries must necessarily be 
but small, the question is one of considerable importance. 

' See Report on Dual Destnu^ra to the London CautUy Council, dated 
May 10, 1903. By Sir Alexander Binnie and Dr. Shirley F. Murphy, 
M.O.H. 
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Mr. Flank Watson, A.M.I.O.B., in a paper read at Dablin in 
August, 1898, remarked as followa — ^ 

It IB found that when a considerable number, wy MX celle or more, are 
combined in one block, the mixing of the gasee from the varioua furnaces 
enaui'ee a very steady and very high temperature in the main flue, and 
it is therefore always found advisable to construct the furnaces in blocks 
in this maimer rather than to divide them up and put boilers between 
tb^n. 

This would appear to clearly emphasize what has already 
been said oonceming the vital importance of ensuring complete 
combustion in the cell itself, whether the installations be large or 
small. 

In thus making close oompftnsou there is no intention to 
unduly criticize any particular make of Deatniotor or to direct 
invidious comparison between any two makes. The issue is 
broader, it is a question of principle and design, a question of 
suitability for most effectually securing a continuity of high 
temperature within the cells. Mr. Frank Watson's statement 
which I have already quoted is in itself an admission of the weak- 
ness referred to. 

Too much attention cannot be given to the actual work 
within the cell ; there the work should be done, and if the cell 
temperature is well maintained we need not trouble about what 
may happen beyond the cell. Continuity of high temperature 
is demanded as the working condition of the cell ; we may point 
to a main flue or a combustion chamber, even as many yeeu3 
since we were invited to look at the cremator, to see evidence of 
heat, when we failed to see such evidence in the cell. 

It has been said that each single cell — one of a row or block — 
should not be considered as distinct in itself, but as part of a 
whole. While it is true that each single cell discharges its gases 
into a main flue common to the whole, yet this is the one and 
only point of connexion. As a ceU, each cell is distinct, and 
separate from the cell on its right or left, and it is impossible for 
one cell, as a cell, to derive any assistance from any other cell in 

1 See Paper read by Mr. Frank Watson, A.M.I.C.E., at Dublin Con- 
gross of the Hoyal Institute of Public Health, August, 1898. 
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the row or block as the case may be, ezceptmg in so far as the 
whole volume of gaaes commingle in a main flue beyond the cells. 

In the case of the two makes with which the principle of 
" mutual assistance " has been moet fully developed, the drying 
hearth has been entirely dispensed with. With Heenan's " Twin 
Cell " the drying process takes place in each cell alternately, and 
with Meldrum's " continuous grate " the drying process is carried 
on in different parts of the one cell from end to end successively, 
as charged. 

The striking difference between these two makes and single 
cells will be at once apparent ; in the former case, the drying or 
evaporation of moisture is more rapid ; further, instead of slow 
distillation of volatile gases, the process is accelerated and the 
volume of low temperature volatile gases, at all times very small 
by comparison with the very large volume of high temperature 
gases present, must quickly ignite in the cell. 

The drying hearth, as distinct from the grate proper, is an 
integral part of the cell in every system of single or isolated cells. 
It therefore follows that, in addition to cremating its charge of 
refuse, each cell has another function, and one which is to some 
extent antagomstic to the main purpose. Owing to the presence 
of a quantity of ordinary refuse on the drying hearth in the cell, 
there must be a definite loss in temperature owing to the constant 
absorption of heat by the escaping gases distilled from the drying 
hearth. 

E^h single or isolated cell is therefore called upon to fulfil 
two objects at the same time, viz., drying or slow distillation of 
volatile gases, and cremation or combustion. The former is a 
constant process in every such cell, the latter process being broken 
by the intervals of burning down, or reduced activity during 
cUnkering, and charging. 

While it will he obvious that a dry charge pulled from the 
drying hearth is so far beneficial, it must be equally clear that the 
dry charge is only obtained at a sacrifice of the cell temperature 
as a whole, and therefore the drying hearth is by no means so 
advantageous as is commonly supposed. 

An easy continuity of high temperature working being a 
l6s 
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matter of supreme importance, even if the desideratum be crema- 
tion pure and simple, it might be reasonably ui^ed that in order 
to secure the first essential, it would be worth while, if found 
necessary, to make a sacrifice in another direction. It will, how- 



Fio. 37. Mbldbum's Patent " Cohtindods Grate "—the equivalent of four 
ordinary colls. The gasee hnve a sideway motion into the Combustion 
Chamber, thenoe to the Boiler. 



Fio. 38. Heenan's Patent " Twin-Ckll " — the equivalent of two ordinary 
cells. The gases iisiialty have a sideway motion into the Combustion 
Chamijer, tlience to the Boiler. 



ever, be readily observed that in efiFectually securing an etisy con- 
tinuity of high temperature working, no sacrifloe is involved 
either directly or indirectly, but, on the other hand, the gain is 
very material and comprehensive. 
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Firstly. — Owing to the minimuni of fluctuation in the cell tempera- 
ture, the cell as a structure suffers leaa, being subjected to the minimum 
of strain from expansion and contraction. 

Secondly. — Nuisance, in the way of escaping noxious fumea, is ab- 
solutely impossible. 

TAirdiy.— The continuity of high temperature working is of the highest 
importance when the Destructor is combined with a power plant, because — 

{a) The maximum evaporative efficiency is secured, and 

(6) The steam pressure ia kept steady, which is desirable in every 
ease where the power is fully utilized, but imperative where steam is sup- 
plied to an electricity works. 






BolUER 



C.B 



^ 



:^ 



Fio, 39. The Stbruko " Pair-Cku. " Systzh, with Combustion Chamber 
nrranged centrally, the gaaea passing front the right and left hand cells into 
the Combustion Chamber, thence to the Boiler. 



Steadiness in steam pressuro is only possible when the gases 
oomuig into contact with the heating surface of the boiler are 
steady in temperature, and so, to go back to the beginning, 
steady temperature of the gases at the boiler ia only possible by 
ensuring steady temperature of the gases in the cdl or cells as the 
case may be. 

Those who may consider that too much stress is laid upon the 
necessity for perfect combustion mthin the edl, should not forget 
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that if unconsumed gases once reach the chimney, nothing can 
be done to avoid nuisance, such gases being heavier than air will 
certainly descend after coohng. 



Boiler 



/c/b- 



\ 









%y^ 



Fio. 40. Meldrum's "Beaman A Deas " Type " Pair-Cell" system. The gases 

Ksaing friom the right and left hand cells inUi the Combiistion Cliaiiiber 
hind, thence to tlie Boiler. 



Fio. 41. Hobsfall's Top Fed Tyte, arranged back to back, in a block, the 
boiler or boilers being placed at the right hand end ot the main flue. Each 
cell ix Heparati* and HiHtinct. the gasoa therefrom leaving at the front and 
PBBSing into the main flue at the back, thence (o tlie boiler. 
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HIGH TEMPERATURE AND STEADY STEAMING 

Having this clearly in mind, and realizing its importance, is 
it not advisable to begin at the banning, aiming at an initial 
high temperature? If this be done, then nuisance is rendered 



,D.H 






B&W. 

BOI LER 






D.H 






t with the boiler tubes. 



D.H I 



V 






D H, 






Flo. 43. Warner's " Pertectos " Top Fed Type, a Multitubular boiler being 
Bet between two cells. The gftaes upon leaving the eelU come into imme- 
diate contact with the boiler. 
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REFUSE DISPOSAL AND POWER PRODUCTION 

absolutely imposeible, and the theoretical advantages of such a 
principle are fully realized in practice. 

Figs. 37 to 44 are in plan, and for the most part diagrammatic 
only, but they will aerve to show the salient features in design 





HORNSBY 
W.T 

BOILER 

/\ 




■Si. -_, 





Fia. 44. Baker's " Ihprovbd " Top Fed Type, a Homsbj boiler being » 
between two cetlfl. The gases upon leaving the cella come into direct coi 
tact with the boiler tubes. 



G. = Grate. 
D.H. = Drying Hearth. 
C.B. = Combustion Chamber. 

B. = Bridge. 
T1k> arrows in each caae indicate the course 
of the gases from the cell to the boiler. 



which have for their object " mutual assistance." In the case of 
the single cell systems it will be observed that no combustion 
chamber is provided, with three different systems the gases from 
a pair of divided or isolated cells commingle when immediately 
under the boiler. 

Taking the four systcma in the other group, it will be observed 
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that with two makes the gases must commingle in the cell, and 
atiU further in the combustion chamber, while with the two other 
makm in this group the provision of a common combustion 
chamber ensures the intermingling of the gases before the boiler 
is reached. 
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chapter XV 



THE COMPARATIVE ADVANTAGES OF VARIOUS TYPES 

OF STEAM BOILERS FOR USE WITH 

DESTRUCTORS 

THIS work would be incomplete without some reference to 
the boiler question. A careful perusal of all the available 
literature on the subject would seem to indicate a strange 
reluctance upon the part of the various writers to express any- 
decided views concerning boilers. 

Generally speaking, the choice lies between Lancashire 
and Water Tube boilers. A number of Cornish boilers are used 
for small installations, and also not a few Multitubular boilers, but 
boilers of the latter t}rpe are unsuitable and inefficient, and are 
no longer adopted in connection with modem high temperature 
Destructor installations. 

An effort has been made to introduce " Dry Back Marine " 
or "Fire Tube" boilers, but this type has not yet been tried, 
neither Municipal authorities nor Destructor makers apparently 
caring to make the experiment. Although this type of boiler 
would undoubtedly prove to be more efficient than the multi- 
tubular type, yet serious and constant trouble would undoubtedly 
be experienced, owing to the rapid accumulation of dust in the 
tubes. Further, as at present designed, it may be gravely 
doubted whether anything like sufficient area would be available 
for the passage of the gases from a Destructor of reasonable 

Referring to the multitubular boilers in use with the Destructor 
at Ashton-under-Lyne, Mr. Neville Applebee wrote as follows : — 
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" The 3} inch fire tubes in the mulitabular boilers get rapidly 
choked and aerionsly reduce the effective heating Burface." ' 

Even if the area, will permit of a reasonably large volume 
of gaaeB being passed through the fire tubea, the question of 
dust deposit has still to be faced. In spite of alt reasonable 
attention, the heating surface is never clean and wholly exposed 
for many hours at a time. 

In considering the question of suitable boilers it will therefore 
be clear that the choice must be between Water Tube, Lancashire, 
and Cornish boilers. As already observed, however, the use 
of Cornish boilers is Umited to small installations such as 
Destructors combined with sewage works, the steam being 
used for pumping purposes, and the work usually being of a 
steady character. 

For work of this kind, the Cornish boiler is very suitable, 
in fact it would be difficult to improve upon the results obtained, 
and so far as one is able to judge, under such circumstances, 
nothing would be gained by substituting water tube boilers 
for Cornish boilers. In larger combined sewage and Destructor 
works, Lancashire boilers have been mostly installed, and 
experience has shown that this type of boiler is well adapted 
for the work. 

The more critical test of the boiler is in connection with the 
combined Destructor and electricity works, but it will frequently 
be found exceedingly difficult to make comparison between 
water tube and Lancashire boilers, owing to the great variety 
of working conditions. It may, for example, be reasonably 
submitted that fair comparison cannot be made between the 
results obtained with one water tube boiler working in connection 
with a four grate unit Destructor of the hand fed type and 
another water tube boiler working in connection with four single 
cells of the top fed type. The difference in boiler eificiency 
may be entirely due to the radical difference in the design of 
the two Destructors, and this being so, it would be manifestly 
unfair to adversely criticize the performance of the boiler. 

' See the Ekctridan, December 5, 1902. 
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While the reader may with advantage oompare the various 
steam preasure diagrams herein reproduoed, it would be idle to 
pretend that these diagrams are conclusive, nevertheless, such 
ohartfi clearly emphasize the general superiority of the Lancashire 
boiler for steady steaming. The steam pressure charts cover 
a wide variety in design and, likewise, a variety of working 
conditions, but every chart here included represents ordinary 
working conditions, and is therefore of value for purposes of 
comparison. 

In studying the diagrams, the student must be impressed 
with the unsteady steaming shown with water tube boilers. It 
will be observed that in some cases the percentage of fluctuation 
is very serious indeed. 

To briefly summarize the comparative advantages of water 
tube and Lancashire boilers. In the case of the former, it is 
possible to instal a greater amount of heating surface in a given 
space, and a greater absorption of radiant heat is ensured than 
is the case with the Lancashire boiler. Then the question of 
space is often a very serious one, more particularly, perhaps, in 
London, and in other large cities and towns where land is valuable. 
The Xiancashire boiler has large steam and water space 
and also possesses the merit of extreme simpUcity, both of 
which are features of great importance. The large steam 
and water space is of the highest utility, making bb it does for 
steady steaming, which is essential where the power is being 
used for electrical purposes. 

The water tube boiler while being a rapid steam raiser, is 
also a rapid steam loser, possessing hut a linkited amount of 
steam and water space. On the other hand, the Lancashire 
boiler, by reason of its large storage capacity for steam and water, 
has a goodly reserve of power, which is of immense value in 
connection with the power Destructor, being a most usefu] 
set off against possible fluctuations in the quality and condition 
of the refuse, and also laxity on the part of the men, as will 
happen occasionally. 

One of the highest authorities on steam boilers in this country, 

Mr. C. E. Stromeyer, M.I.C.E,, recently expressed the following 
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opinion concerning the comparative advantages of various 
types of steam boilers : — ' 

I will conclude by reni&rkiiig that, eis matters stand at present, Lan- 
cashire boilers with eoonomiBers are doubtless the most efficient as regards 
economy and upkeep, but they occupy much floor space. Marine boilers, 
of course without economisera, are nearly as efiicient, and seem to require 
practically no repairs. They occupy about half as much floor space as 
Lancashire boilers, but cost considerably more, " Economic " and 
Water Tube boilers are practically on a level as regards economy and floor 
space. In both cases the heavy brickwork is a constant source of loss 
through air admission. 

While it ia true that Mr. Stiomeyer's remarks speci£oally 
refer to boilers fired with coal, yet his conclusions are equally 
apphcable to boilers fired with Refuse Destructor gas^. In 
the latter case, however, marine type and " Economic " boilers 
would necessarily be less efficient for reasons already explained, 
i.e. the constant choking up of the tubes with dust. 

It ia unnecessary to deal at any length here with the question 
of feed water, it being now clearly recognized that where the 
water is of a sedimentary nature a water purifying apparatus 
must be installed with a water tube boiler, and where the 
comparative cost of Lancashire and water tube boilers is being 
considered, the cost of such apparatus should be added to that 
of the latter type. 

That there is a field for both types of boiler is beyond question ; 
each has advantages not possessed by the other, and Ukewise 
disadvantages. For many small electricity undertakings the 
water tube boiler will always be popular, lending Itself as it 
does to supplementary coat firing, and thus in the early days 
of small electricity undertakings saying the cost of at least one 
separate coal fired boiler. 

As with the type of draught, so with the type of boiler, the 
subject will always be a oontroversial one, but alike in both 
cases all the advantages are by no means on the one side. 

* The Choice of a Sleam Boiler. ByC. E. Stromeyer, M.I.C.E., Chief 
Ei^ineer, Manchester Steam Ussrd' Asaociation. Hoo Proceedings of 
CioU attd Mechanical Engineers' Society, 1903. 
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Chapter XVI 

REFUSE DESTRUCTORS IN THE METROPOLITAN 
BOROUGHS, LONDON 

COMPARATIVELY Bp^.king, very slow progress is being 
made in the Metropolitan Boroughs in the final and 
sanitary disposal of refuse. In so large a city this b to be 
regretted, the more so, perhaps, when it is borne in mind that 
the other methods of disposal in vogue are very costly, and 
generally speaking unsatisfactory. 

It cannot be deemed satisfactory when large Metropohtan 
Boroughs inflict their filth upon other smaller communities 
in Urban Districts, and such a method does not even possess the 
saving grace of economy. The system is most expensive, and 
it has been clearly demonstrated wherever Destructors have 
been erected, with the exception of Battersea, that the cost of 
disposal has been materially reduced. 

In the case of Battersea, it is not the system which is at 
fault. The Destructor was erected some fifteen years since, on 
a site which has in the course of time proved to be anything 
but central. The Battersea of to-day is so thickly populated, 
and has so extended in other directions, that the Deetructor 
site which fifteen years ago was reasonably central, is now in a 
corner of a large Borough, and so the cartage cost has increased 
alarmingly. 

With this single exception the destruction of refuse within 
the Borough where it is produced has been beneficial to the 
ratepayers financially, although they may not always recognize 
it as such. 
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A glance at Fig. 45 will at once make clear the actual progress 
which has been made up to the present. It is safe to say that ten 
years hence it will be possible to present a very different chart. 
So increasingly difficult is it becoming to get rid of London's 
waste that the Destructor is generally recognized to be the only 
solution. It is quite certain that if it were not possible to 
inflict the filth upon Urban communities, the London of to-day 
would be far better equipped with Destructors than is the case. 



Fio. 45. 
The Metropolitan Bobouqhs. 

D = DiH*tructor in uae. 

DE^Deutructor combined with electricity works in use. 

Hatched Sections = Boroughs without DeBtructors. 

There are distinct signs that the present method of mere 
riddance will have to cease. It is becoming increasingly evident 
that small Urban communities strongly object to being made 
the dumping ground of the stale filth of London, and when these 
small communities adopt Destructors to deal with their own 
waste, as they are now rapidly doing, it is only reasonable to 
expect that difficulties will arise, and that the available dumping 
grounds for London's filth will gradually diminish, as is indeed 
the case already. 
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A = Date of Erection. 

B = Make and Type, of Destructor. 

C = Number of Cells. 

D = Number and Type of Boilers. 

E = Height of Chimney. 

F = Type of Draught used, 

G = Purpose for which Power is used. 

H = Weiglit of Refuse Destroyed Daily. 

I = Labour Cost per Ton of Refuse Destroyed. 

J = Average Number of Board of Trade Units, Generated, per Ton of 
Refuse Destroyed. 



E.W. = Destructor combined witli Electricity Works. 
S.W. =De8tructor combined with'Sewage Works. 

E.W.S.W. =DeHtructor combined with both Electricity and Sewage 
Works. 



Battbrsea — Population, 168,907, 



Fryer's top fed. 

12. 

1 Multitubular. 

180 feet. 

Natural draught only. 

Clinker crualiing, etc. 

60 tons. 



Bermondsey — Population, 130,486. 
Two Inst. 



Kotherhithc. 1809. 

Mddruni's " B<emt 

Deae " top fed. 



LATIONS. 

2. E.W. 
BerniondBey, 1D02, 

Sterling top fed. 



' It has recently been decided to erect two additional cells. 
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D . 1 Babcock & Wilcox. 3 Babcock & Wilcox. 

E .150 feet. ISO feet. 

F . Fan. Fan. 

G . Fan engine. Works Liglit- Electric Ligliting and Public 

ing, and Disinfector Batha. 

H . 25 tons, 8b tons. 

I . U. — 



FlO. 4t). ROTUESHITUE Dbstrdctor. 
In Course of Erection. 



The three Babcock & Wilcox boilers in connection with 
the Destructor are arranged for coal firing, either in conjunction 
with or independently of the gaaea from the Destructor, while 
additional coal fired boilers are also installed. 

The power equipment of the station is as follows : — three 
Willans' engines, direct coupled to Uiree Thames Iron Works 
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Dynamoa, of a total capacity of 375 K.W, Tudor cells are 
also provided, having a capacity of 24 K.W. for 6 hours. 

This combined works has a very successful record, largely 
due to the excellent day load. The followir^ details are taken 
from a report covering the first nine months' workii^, ending 
in March, 1903. 

The steam supplied to the Public Baths effected a, saving 
in wages and coal of £541. The sum of £272 was saved by 
destroying trade refuse as compared with the previous cost of 
barging this material away. A portion of the clinker was 
utilized for making paving flags at a cost of £427. To purchase 
a similar quantity of flags would have cost £1,521. Some 
600 tons of clinker was also used for making concrete at a 
saving of £58. 

Figure 46 is a view of Meldrum's Seaman & Deas type trf 
Destructor in course of erection at Rotherhithe, 



Crry of London — Population, 37,705. 
Letis Wharf Destructob. 



Fryer's top ted. 

10. 

1 Multitubular. 

150 feet. 

Natural draught only. 

Hoiet, and chaff cutting. 



During the year 1902 the Destructor was in constant use 
both day and night, with the exception of stoppages, totalling 
84J days, for repairs and flue cleaning. 26,245 loads of refuse 
were destroyed, yielding a residuum of 4,737i loads of clinker 
and ashes. 

Negotiations are just now being concluded for the purchase 
of 130 acres of land at Hornchurch Marshes, near Barking, 
having a river front^e of 1,700 feet. This land, which will 
cost the city £23,411, wiU be used as a Refuse tip. 
i8o 
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PiNSBUEY — Population, 101,463. 
Two Ihstallatiohs. 



St. Luke'B, 1899.1^ 
Horsfall'B top fed. 



Phoenix Wharf, '. 
Baker's top fed. 



1 Multitubular, 14 ft. by 1 Horneby Water Tube. 

8 ft. 

Steam Jet Blowers Fan, 

Clinker Crusher, Mortar Fan Engine only. 

Mill, Works Lighting. 

50 tons. 16 tons.' 



Some details of analytical testa of the gases taken both 
from the main flue and chimney at installation No. 2 (Baker's 
Destructor) are here given :^- 

Gases prom Main Flub (5 samples), analysed by Mr. J. 
Kear Colwell, F.I.C., March 7, 1902. 



No. o! SamplB . 










E 
















** 








Pyrometer reading 


515" F. 


550= F. 


550" F. 


550" F. 


560° F. 


Carbon Dioxide . 


7-0% 


6-6% 


4 3% 


6-9% 


7-6% 


Carbon Monoxide 


0'0% 


00% 


00% 


0-0% 


0-0% 


Oxygen 


12-2% 


12-0% 


14-3% 


12-0% 


110% 


Nitrogen . 


80-0% 


82-4% 


8! -4% 


82-0% 


81-4% 


Olefines and Heavy ) 
Hydrocarbons . J 


0-4% 


00% 


0-0% 


0-0% 


00% 


Marsh Gas 


0-4% 


00% 


0-0% 


0-0% 


0.0% 


Percentage of Free Air 


58-1% 


57-1% 


681% 


57-1% 


52-3% 



* This installation replaced a six-cell plant of another make erected in 
IS95. 

^ A sorting proccas is carried on at these works, and the weight of 

material destroyed daily varies considerably. Only paper, cardboard, 

straw, garbage, et«., is destroyed, tlie heavy material being abstracted. 
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Gasbs from Chimney (6 samples), analysed by Mr. J. 
Kear Colwell, F.I.C., February 26, 1902. 



No. of Sampio . 
Time of Collection . 


^ 


B. 


C. 


D. 


E. 




1.30 p.m. 


2.20 p.m. 


3.20 p.m. 


4.H p.m. 


1.30 p.m 


6 p.m. 


Fyrometer reading 


360° F. 


410" F. 


410^. 


410" F. 


430° F. 


440° F. 


Carbon Dioxide 


5-1% 


S-7% 


1-8% 


3-2% 


3-6% 


80% 


Carbon Monoxide 


04% 


0-0% 


0-0% 


0-0% 


0-0% 


0-0% 


Oxygen . 


14-2% 


13-4% 


14-8% 


14-4% 


u-0% 


13-8% 


Nitrogen . 


79-9% 


80-9% 


83-2% 


82-4% 


82-0% 


810% 


Olefinea and Heavy > 
Hydrocarbons J 


0-4% 


0-0% 


0-2% 


00% 


0-4% 


0-2% 


Marsh Gas 


0-0"/o 


0-0% 


0-0% 


0-0% 


0-0% 


0-0% 


Percentage of Free Air 


B7-B% 


«3-8% 


70-5% 


68-6% 


66-6% 


65-7% 



-Population, 145,000. 
. IflOl. 

Horafall'a top fed. 
. 12. 
. 6 Babcock & Wilcox, 

100 feet. 

Steam Jet Blowers. 

Electric Lighting. 

100 tons. 



The six water tube boilers working in connection with the 
Destructors are arranged in a battery between two blocks of 
cells. These boilers are also equipped with mechanical stokers 
and forced draught, so that the boilers may be coal-fired either 
independently of or in conjunction with the Destructor gases. 

Three boilers of the diy back marine type have since been 
installed for coal-firing only. Green's economiserB are also 
provided in two batteries of 96 pipes each. 

The power equipment of the station is as follows — Three 
Musgrave slow speed, compound engines, total H.P. , 1 500, 
direct coupled to three two-phase General Electric Company's 
Oerlikon Dynamos ; total capacity, 900 K.W. 



Average for the year 1902. 
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Mr. A. J. Fuller, the Borough Electrical Engineer, ' recently 
prepared a report for the Electricity Committee, reviewing 
the operation of the Destructor for the year 1902. A few 
extracts from this report will doubtless be of interest — 



Total weight of Refuse burned. 
Total weight of Clinker barged away 
Cost per ton for barging 
Labour coBt per ton of Refuse burned 
Repairs cost per ton of Refuse burned 
Management costs per ton of Refuse burned 
Average number of electrical units generated per 
ton of Refuse burned .... 



30,000 tons, 
16,000 „ 
3-7d. 



Some details of an evaporative test in connection with the 
Destructor are here given — 



Date of Test . 
Duration of Test . 
Number and Type of Cells 

Total Grate Surface 
System of Forced Draught 

Nature of Refuse . 
Number and Type of Boilers 
Economiser — Number of Tubes 



Total quantity of Refuse burned 

Total quantity of Refuse burned per 
cell per 24 hours. 

Total quantity of Kofuso burned per 
8q. ft. of grate per hour 

Tons por man per shift . 

Total Water evaporated . 
„ „ „ per hour 

„ „ „ per sq. ft. of 

lieating surface per hour 

Total Water evaporated per lb. of 
refuse from andat212=' F.or 100° C. 

Mean Steam Pressure 
„ Feed Temperature , 
,, Main Flue Temperature , 
„ Temperature behind boilers 
■ ■83 



December 17, 1901. 

16 hours. 

12 Horsfall Cells " Back- 
to-back," "Top-fed" 

360 square feet. 

Horsfall Co.'s Patent 
St«am BlowPTs, 

House and Market. 

Six " Water Tube." 

Two Economisers, each 

96 Pipes. 
tons ewt. qrs. lb. 
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The general arrangement of the installation may be seen by 
referring to Figure 47. It will be observed that the boilers 
are all set in a battery, while the cells are arranged in two groups 
of six each, back to back. 




\3[i_,^'qi 



Fio. 47- Fdlham Combined Dcstiio<?tor and Electricity Works. 



Hackney — Population, 219,288. 

. . 1902. 

i . . . " Sterling " top fed. 

12. 
t . .3 Bftbcoek A Wilcox. 

; . . .200 feet. 
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F . Fans. 

G . . . Electric ligliting. 

H . . .120 tons.1 

I . .Is. 71d.' 



Details of an evaporative test are her© given — 



Date 

Barometer .... 
AtmoBpherio Temperature 
Weather .... 

Character ot Fuel . 
Number of Cells used 
Number of Boilers used . 
Economiser — Number of Tubes 
Duration of Test 
Average hours worked per cell . 
Refuse burned — Total tons 
„ lbs. 

„ „ per cell hour . 

„ „ per cell per 24 hours 

Feed Water Temperature — Suction 

Tank 

Feed Water Temperature leaving 
Economisor .... 
Water evaporated — Total actual 

„ „ per hour 

Average Steam Preeaure above fttraoa- 

Phme 

Water evaporated per pound of Refuse 

— actual ..... 
Water evaporated per poimd of Refuse 

from and at 212°^ . 
Temperature ot Flue Gases i 

flue before oconomiser 
Tcmperatiire of Flue Oases i 

flue after cconomiHer . 
Average Air Suction at foot of shaft 

in inches of water . . . 1-04. 

Average Air Pressure at Fan Outlets 5*60 inches. 
Average Air Pressure in Aahpita . 2-23 „ 
Units (Kilowatt hours} generated from 

refuse steam during teat. Engines 

running non-condenaing, actual , ' 7,247. 



December 4 and 6, 1902. 

30-21 to 30-64. 

29° F. to 36° F. 

Fine. 

Unscreened Ashbin Refuse. 

12. 



19 hours. 
17-9. 

133 tons 16 cwt. 1 qr. 21 lb. 
299,649. 
1,393 lb. 
14-8 tons. 

51 -8° F. 

220-6° F. 
34,751 galls. 
347,510 lb. 
18.290 tb. 

184 tb. 



Bib. 



1-415 lb. 



335° F. 



* A%'erago for year ending March 31, 1903. 
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Average unitn pee hour, actual non- 
condensing .... 381. 

A%-erago hourly E.H.P. actual non- 
condensing . . . .511. 

Units generated per ton Refuse burnt, 

actual non- condensing . . 64-19. 

Total units used for forced draught 

during tost .... 553. 

Percentage used for forced draught of 
actual total power raised from 
Destructor Steam, non-condensing 7'63. 

Units per ton Refuse for Fans . , 413. 

Total unita consumed in elevating 

Refuse 39-70. 

Units per ton of Refuse . . . 0-296. 

The complete figures for the first year's working, ending 
March 31, 1903, are here given and will be found of interest — 

Analysis of Accounts fob tbab ended March 31, 1903. 
I. — Statement of Capital. 



£1,268 



Capital 

Eipenditun. 

£39,224 



II. — Dbstrttctor Records. 

1. Quantity of Refuse destroyed 

2. Largest Quantity destroyed in one day . 

3. Smallest Quantity destroyed in one day . 

4. Average Quantity destroyed daily 

5. Bye-Product — 
Clinker, Fine Ash, and Flue Dust , 
Tins, Cans, and Scrap Iron 

Total .... 

6. Total Quantity of Water evaporated and 

utilised by Electricity Deportment , . 41,411,970 lbs. 

7. Total Quantity of Water evaporated per lb. 

of Refuse ...... 



III.— REVENnE. 



1. Revenue from supply of steam to Elec- 

tricity Department .... 

2. Sundry Receipts .... 

l86 



Per Ton of 

Destroyed. 
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. Balance beii^ net cost to Public Hecdth 
Department of destruction of Borough 

Refuse ,,.... 

Total Revenue . . . i 



35-4 
51-M. 



IV. — EXPENDITDRE. 



1. Oa, Waste, Water, and Storee 

2. Electricity for Lighting and Power 

3. Wages of Workmen 

i. Repairs and Maintenance 

5. Clinker Disposal 

6. Management Expenses . 



Per Ton of 
DeatToyod. 



7 Interest on Loans 
8. Sinking Fund 



Total Expenditure 



The fuel cost per anit generated ia given as -iSd., and the 
total costs 1*03(2. The load factor, 16-88%, is Ukely to improve, 
and this will, of course, widen the scope of usefulness for the 
Destructor. 



HaMFSTBAD — POFTTLATIOK, 81,912. 

1888, 1890, and 1897. 
Fryer's top fed, 
14. 

Two chimneys, each 120 feet. 

Natural draught only. 
No power available. 
100 tons. 
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KKNSiNQioir — PoPUi^TiON, 176,623. 



Warner's top fed. 



Two Multitubular. 

150 feet. 



The estimated total coat of thiB plant is £30,613 6«. Od., 
and included in the scheme is a disinfector station, laundry, 
and foreman's house and offices. 



Lambeth — Population, 301,895. 
A sixteen cell Destructor, of the improved Fryer type, was 
erected here in 1 900 by the South London Electricity Corporation, 
Limited. It was intended to utilize the power for electric lighting, 
eight Babcock Sc Wilcox boUers being provided, each boiler 
being set between a pair of cells, but after a few months' working 
the destructor was stopped, and has not been operated again 
up to the present time. 



Popr.AB— Population, 168,838. 



Warner's top fed. 

14. 

1 Multitubular. 

150 feet. 

Fan. 

Fan engine, clinker crusher and mortar mill. 

96 tons. 

U. lOJd. 



The coet of this installation was about £8,400, exclusive of 
the cost of the site and the chimney. 

' Tliis installation is not likely to be completed until th« end of 1904. 

iS8 
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St. Pancras — Population, 235,284. 
1804 and 1895. 
Warner's top fed. 
18. 

1 Homsby, water tube. 
2071 feot- 
Fans. 

Fan engine, clinker crushoc and mortar mill. 
100 tons. 
U. IJd. 



The total coat of this installation waa £21,000, exclusive 
of the cost of the site, but including the cost of heavy retaining 
walls. A considerable quantity of mortar is made, for which 
there is a steady demand at 5s. per ton. 



E.W. 



ShOREDITCH — POPULATIOH, 118,705, 

1897. 

Fryer's improved top ted, including Boulnois, 

Wood & Brodie'a patents. 
12. 

6 Babcock 4: Wilcox. 
160 feet. 
Fans. 

Electric lighting. 
100 tona. 
2s. 3 3d. 



The total cost of the installation, exclusive of site, wae £20,527. 
The average electrical output per ton of refuse destroyed taken 
over one year is given as 20 units. The electrically driven fans 
for providing forced draught use four units per ton of refuse 
destroyed, while 5 units per ton of refuse handled ia used by 
the electric hoists and tipping trucks. 

This installation has been the subject of much discussion, 
but not a little of the criticism has been based upon erroneous 
ideas. It is but fair to state this, and to point out that with the 
plant now installed, having a total capacity of nearly 2,500 K.W., 
it would be impossible for any Destructor to supply but a fraction 
of the total power required. 

1S9 



itized by Google 



REFUSE DISPOSAL AND POWER PRODUCTION 





The question of deeign has already been fully discuased in 
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another chapter, and although this must effect the general efficiency 
yet the fact remains that at Shoreditch, as in ©very other com- 
bined works, the maximum benefit from .the Destructor could 




^^gMz3W.^^'^ 




TT^-KI 



Fia. 50. Results of 24-Houit Test, Decieuber G, 1898. 

only reasonably be expected during the first year or two of 
operation. 

Apart altogether from the power aspect, the refuse is disposed 
of more cheaply than under the old system of riddance which, 
owing to the difficulties of disposal, becomes increasingly expensive 
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year by year. It is but fair to bear in mind that even if the 
amount of power produced has fallen short of expectations yet 
Shoreditch possesses a system of final and sanitary disposal which 
might well be emulated by many other Metropohtan Boroughs, 
who continue at huge expense to inSict their filth on other com- 
munities. 

The general arrangement of the Shoreditch installation, which 
will, however, be familiar to many readers, is shown in Fig. 48, 
while F^. 49 and 60 are of interest as combined diagrams. 



Stepney — Population, 298,548. 
1900. 

Fryer's improved top fed. 
12. 

6 Bftbcock & WUeox. 
180 feet. 

Electric lighting. 
165 tons. 
la. 4-9d. 
32. 



The cells are arranged in single row, and the works are kept in a 
very clean condition. The total cost of the installation was 
£17,740, Ife.Od., exclusive of thesite. Inadditionto the Destruc- 
tor boilers, three supplementary coal fired boilers of the 
Babcock &. Wilcox type are provided. The power equipment 
of the station is as follows : — 5 Willans engines, and 6 Mather 
& Platt dynamos, having a total capacity of 1,220 K.W., also 
260 Tudor cells, of 800 ampere hours' capacity. 

Some interesting figures, extracted from the accounts for the 
year ending March 31, 1902, are here given. 



Electeicity Genebatbd. 
From steam taken from the boilerH 

of the Refuse Destructor . . 868.546 Board of Trade unita 

From steam raised in coal fired boilers 279, 75S „ „ „ 



Total 



. 1,148,304 



itizedbyGOOJ^Ic 



DESTRUCTORS IN THE METROPOLITAN BOROUGHS 

Cost of Steam 
Total coBt for aleaia from Refuse Destructor £ a. d. 

boilers, 868.546 B.T.U. at -M. . I,08fi 13 8 

(or about 3 B.T.U. for Id.) 
Steam raised in coal fired boilers, 279,758 B.T.U. 989 6 I 

(equals 'B4ci. per unit.) 

Fig 49, which is a reproductiou from a steam pressure ohart, is 
of interest for purposes of comparison, not only with diagrams 
obtained with Lancashire boilers, but also with others here 
reproduced from combined works, where the general design of the 
plant differs from that at Stepney. 




> Electkicitk Works. 



Wandsworth — Population, 232,030. 



k Deas top fed, direct charged. 



Works purposes only. 
. 70 tons. 
. Ud. 

The cost of this installation was £6,006, including the chimney, 
but not including the inclined roadway. The complete details of 
a test of 120 hours' duration are here given; this test was carried 
out under ordinary working conditions, and mainly with a view 
to ascertaining the actual value of the Wan(feworth refuse for 
power producing purposes. The whole of the clinker is readily 
disposed of at the works at Is. 9d. per cubic yard, the purchasers 
carting the same away themselves. 
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REFUSE DISPOSAL AND POWER PRODUCrilON 
Westjunstee — Population, 182,977. 

A 1900. 

B . . . . Horsfall's top fed direct charged. 

C 6. 

D 1 Babcook & Wilcox. 

E 90 feet. 

¥ . . . St«am Jet Blowere. 

G . . . . . Works puipoees only. 

H 72 tons. 

I ll-od. 



The coat of this installation as originally arranged was about 
£10,000. The complete details of" a test conducted by Mr. J. W. 
Bradley, M.I.C.E., the city engineer of Westminster, are here 



Date ot Test 
Duration of T(!at 
Number ot celis in usu 
Total grate area . 
Natui'e of Hefusie 
Number of Firemen and 
average wage per day . 
Number, size and type of 

Total weight of Refutte bm'ned 
Total weight of Refutie burned 

per cell per 24 houra 
Total weight of lief use burned 

per square foot of grate 

per hour 
Labour cost per ton of Refuse 

biu:ned 
Percentage of Clinker and 

Ash . 
Mean Steam Freeeure . 
Mean Feed Temperature 
Mean Main Flue Temperature 
Mean Temperature behind 

boilerR 



December 2 to 4, 1902. - 

45^ hours. 

6. 

'252 square feet. 

House, trade and market. 

19 Stokers at 35«. each-ijer week. 
4 Topmen at 279. Od. each per week. 
11 Babcock & Wilcox, with 1,4215 sti. ft. 
I of heating surface. 

138 tons 15 cwt. 1 qr. -310,8281b. 

12 tons 5 cwt. 1 ar. 8 lb. = 27,470 lb. 



27-2 lb. 

u-ad. 

24-9 per cent. 
125 lb. 
48° F. 
Over 2,000° F. 

SOOT. 
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Woolwich— -PopcxATiON, 117,178. 

Two Installations. 



Woolwich. 




1893. 


1903. 


Frjer'a top fed. 


Meldrum'e front hand fud 


6. 


12 grates. 


— 


3 Babcock & Wilcox. 


160 feet. 


80 feet. 



Natural draught only. Steam jet blowers. 

— Electric lighting. 

30 tons. 80 tons. 



Installation No, 2 ia one of the largest Destructors yet erected 
in this country in combination with an electricity works, and it is 
of a very comprehensive character. 

Fig. 52 ahowH the Destructor cells and boilers in course of 
erection, while Fig. 53 is an external view of the buildings. 
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A clinker brick-making plant, and also a clinker flag press, 
both designed by Messrs. Alexander, of Leeds, are provided, and 
will serve to utilize the clinker. 



View Dl BiDldiDiB. 
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REFUSE DESTEUCTORS IN ENGLAND AND WALES 

AccBiNaTON Municipal Coepoeation — Populatioh, 43,122, 
E.W. 

A 1900. 

B . . . Horsrall top fed in single row. 

C 6. 

D 2 Lancashire, 30 ft x 8 f t 

E 250 feet. 

F . . , . Steam jet blowers. 

a Electric lighting. 

H 60 tons. 

I la. 5d. 

J 25. 

IN connection with this installation, a Bomewhat novel de- 
parture from the usual practice was made, by arranging 
supplementary coal fired grates between the cells and the boilers, 
so that the boilers might if desired be fired with coal in addition 
to the Destructor ga^es, or in the event of non-delivery of refuse 
coal could be used for the Destructor boilers, even if the cells were 
idle. 

While this practice has become quite common with water tube 
boilers the arrangement had not hitherto been tried with the 
Lancashire type of boiler. 

In addition to the two Lancashire boilers in connection with 
the Destructor, one Lancashire boiler is also installed for coal 
firing alone. Among the Destructor accessories is a complete 
screening and crushing plant for tumii^ the clinker into a 
marketable product. The total cost of the Destructor, buildii^ 
and chimney, but exclusive of the site, was about £8,000. 
199 
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The power equipment of the Electricity Works compnse« 
5 Willans & Robinson & Browett Lindley engines, the total H.P, 
being 970 ; the engines are direct coupled to 5 Johnson & Phillips, 
ftnd Ijancashire Dynamo Company's Dynamos, having a total 
capacity of 580 K.W. Chloride batteries are also provided, hav- 
ing a capacity of 760 ampere hours. 




. 54. AccHiNOTON Combined Destructor and Elsctwcity Works. 



The %ure8 of a month's log are here given, as also some 
details of the ofRcial test. 

Fig. 54 shows the general arrangement of the cells, boilers 
and supplementary coal fired grates, between the cells and the 
Imilers. 
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AccBiNQTON Corporation. Elbctbictty and Destructor 
Works, 
loq fob the month of novbmbbr, 1901. 



Sunday. Destructore not working. ' 



826 week, 

845 4,286 

DeatniPtora not working. 



984 4,814 2,780 

Sunday. Destructors not workii^. 



Sunday. Destruetora not working, j 



11, 6£ 



lb. Rptime per unit gene^rated —112-9 lb. 
Mofit unitA generated in one day. 1,030 unitfl. 
Highent load observed during month, 472 Amperes at 235 volts. 
Electrical H.P. 

Total unite generated for 24 days. 18,796. 
Average per day, 783 unita. 
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Obticiai. Test 



Date of Teat . 
Duration of Test 
Number and type of Cella 
Total Orate Surface 
Nature of Refuse 



April 11 and 12, 1901. 
22 hours. 

6 Cells, single row, top fed. 
180 square feet. 

Unscreened, ashpit, house, trade 
and market. 

Number and type of boUera 1 Lancashire, 30 ft. x 8 ft. diameter. 

Total heating surface . About 1,000 square feet. 

Total quantity of Refuseburaed 117,840 lb. 
Total quantity of Refuse burned 

per cell per 24 hours. . 21,424 lb. 

Total quantity of Refuse burned 

per cell per hour , 892 lb. 

Total quantity of Refuse burned 

per aq. ft. of grsite per hour 29-7 lb. 

Cost of Labour per ton burned , 

Total Water evaporated . . 136,624 lb. 

,, „ ,, per hour 6,164 lb. 

„ „ „ per lb. of 

• Refuse burned at Feed Temp. 115 lb. 

Total Water evaporated per lb. of 
Refuse calculated from and 
at 212= F. . . . 1-39 lb. 

Total amount of Residual, Clin- 
ker, ashpit dust, flue dust . 41,955 lb. 
Percentage of Residual to Refuse 

burned .... 35-6 per cent. 
Mean Steam Pressure , 185 lb. 

„ Feed Temperature . 50' F. 

„ Main Flue Temperature 2,000° F. 

„ Temperature behind boilers 500° F. 

AldbbshotUeban District Council — Civil Population, 14,248, 
S. W. 

A 1901. 

B . . . . . Meldrum's front hand fed. 

C 4 Grates. 

D 2 Cornish, 14 ft. x 4 ft. 3 in. 

E 70 feet. 

F . . . . . Steam jet blowers. 

O . . . . . Sewage pumping. 

H 11 tons. 

I U. Id. 

. £300. 
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This is one of the few installations in this country where 
DeBtmctor cells have been adapted to existing boilers and 
chimney. The two Cornish boilers had been previously fired 
with coal for twenty years. Since the Destructor was erected no 
coal whatever has been used, and this in spite of the fact that in 
time of storm the normal flow (750,000 gallons) has been frequently 
trebled. 

In addition to the saving in fuel cost, an additional economy 
has been effected by the utilization of the chnker on the bacteria 
beds, coke and coke breeze having previously been purchased for 
filtration purposes. 

The total cost of the Destructor installation, including the 
necessary structural alterations involved, was about £1,200. 
The additional coat of burning refuse as compared with the labour 
cost for burning coal, previous to the installation of the 
Destructor, is given as 3Jd. per ton of refuse destroyed. 



Ashton-undkr-Lyne MtmiciPAL Corpobation — Popijlation. 
E. W. 43,890. 

A 1901. 

B Horatall top fed. 

C 6. 

D 2 Multitubular. 

F ..... . Steam Jet Blowers. 

G ..... . Electric traction. 

H 30 tons. 



Four Lancashire boilers are also installed, which are fired with 
coal alone, one of these boilers being always in use, at the same 
time as the Destructor fired boilers. 

A serious mistake was made in selecting multitubular boilers 
for a combined station of this character, and the experiment is not 
likely to be repeated. A common steam main being used for 
both the Destructor boilers and the coal fired boilers, it is there- 
fore impossible to accurately determine the number of electrical 
units generated from the refuse, but Mr. Neville Appelbee, the 
203 
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Electrical Engineer, considers the combination of the Destructor 
with the electricity works to be serviceable. 

The power equipment comprises 3 Browett-Lindley vertical 
compound engines, and 2 Belhs engines, the total H.P. being 
2,000, with Saycrs and Siemen's dynamos direct coupled, having a 
total capacity of 1,200 K.W. 

The following figures for the second year's working (1902) are 
interesting : — 



Load Factor ...... 17-11 per cent. 

Fuel Coat , . -69 per ooit. 

Works „ 1-18 „ „ 

Total „ 1-48 „ „ 

Net Profit £278. 



Aston Manor Mcuicifal Cobpobation — Population, 77,310. 
Two Installations. 



1892. 


1901. 


Fryer top ted. 


Sterling top fed. 

4. 

2 Babcock & WUcox. 


1 Multitubular. 


165 feet. 




Steam Jet Blowers. 


Fans. 


— 


Works purposes generally. 




clinker cruBher, mortar 




mill, lighting and engine. 




75 tons. 



Atherton Urban District Council — Population, 16,211. 



1 Water Tube. 

90 feet. 

Fan. 

Supplied to an adjoining laundry. 

16 tons. 
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Banoob MuNiciPAi. Corporation — Population, 11,770. 



2. 



" Beaman &. Deas " top fed. 



1 Hornsby Water Tube. 

80 feet. 

Fan. 

Electric ligliting. 

{Winter months = 8 tons. 
Summer „ —9-5 „ 
Is. id. 
20. 



One Hornsby Water Tube boiler is also installed for supple- 
mentary coal firing as may be necessary. Owing to tbe Destructor 
cells being erected after the boilers and generating plant had been 
installed, it was not possible to place the Destructor in the most 
suitable position for securing the maximum benefit from the same 
for power production. It is, therefore, not surprising to find that 
the average number of electrical unit« generated per ton of refuse 
destroyed is given as 20 only. 

The power equipment of the electricity works comprises 3 
Willans engines, the total H.P. being 450 ; these are direct coupled 
to dynamos of Messrs. Fowler Sl Hall's make, the total capacity 
of the same being 270 K.W. 

Babry Urban District Council — Population, 27,000. 

A . . 1901. 

B . . sterling top fed. 

C . .2. 

D . .1 Babcock & Wilcox— 1,741 aq. ft. of lieating surface. 

£ . .150 feet. 

F . . Fan. 

G . . Mortar mill, fan engine, works ligliting. 

M . .20 tone. 

I About Is. 31(f. 



The cost of Destructor and boiler was £2,763, chimney £1,805 ; 
the total cost, including buildings and site, being £8,541. 
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Barrow in Furness, Municipal Corporatiom — Populatios. 
E. W. 57,586. 

A Destructor of the " Heenan " back fed type is now in 
course of erection here, comprising two twin cells, and one 
Lancashire tube boiler. The power will be fully utihzed for 
electrical purposes. 



Bath Municipal Corporation — Population, 49,821. 

1893 and 1899. 

Warner's top fed. 

10. 

1 Multitubular, 14 ft. x 8 ft. 

165 fe«t. 

Fan. 

Clinker crusher, mortar mill and fan engine. 

45 tons. 

la. 3d. 



Originally a low temperature Destructor, it was found 
necessary about two years since to apply forced draught to the 
cells, and also to carry out other improvements, involving an 
expenditure of over £2,000. The original cost of the installation, 
exclusive of site, was £6,906. 



Batlby Municipal Corporation — Popuhtjon, 30,321, 
1. 2. E.W. 

1887 and 1891. 
Fryer top fed. 



T) 



6. 



Not yet coRunenced. 
Hor^all back fed. 



1 Multitubular. 


1 Lancasliire. 


— 


Sl<fflin Jet Blowers. 


Works only. 


Kliftric lighting. 


15 tons. 




U. M. 


_. 



Beckenham Urban District Council — Population. 26.000. 
E. W. 

A . 1000. 

n Horsfftll back f<Hl. 



20t) 
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1 Babcock & Wilcox — 1,426 sq. ft. of heating surface. 

120 feet X 6 ft, 6 in., internal diameter. 

Steam Jet Blowers. 

Electric lighting. 

24 tonB. 

U. M. 

Three additional coal fired Babcock & Wilcox boilers of similar 
capacity to that already mentioned are provided, and alBo a 
Green's Economiser. The power equipment of the station com- 
prises 2,200 H.P., and 1,100 H.P. Bellis engines, direct coupled to 
a2,120K.W.and 1-60 K.W. Fowler Alternators, also one Browett 
Lindley engine direct coupled to a Johnson & Phillips Alter- 
nator of 250 K.W. capacity. 

As coal fired boilers are also used during the load, it has not 
been determined what power is actually produced from the com- 
bustion of the refuse. Unfortunately the Destructor cells in this 
instance, as at Bangor, were not erected sufficiently close to the 
boilers to secure the best results in power production. 

Some details of an evaporative test carried out in September, 
1902, are here given — 

Date of Test . . September 19 and 20, 1902. 

Duration of Test (started 

from cold) . 18) hours burning, 16J evap. 

Number and type of Cells . Threecell. Single row, back fed. 
Total Grate Surface . . 90 feet square. 

System of Forced Draught . Horsfall Co.'s Patent Steam Blower. 
Nature of Refuse . . House, shop and much garden. 

Number of Firemen and 

average wage per day . Four at 5g. 
Number and type of Boilers Two Water Tube. 
Total quantity of Refuse 

burned . .25 tons 1 cwt. 3 qrs. 4 lb. 

Total quantity of Refuse 

burned per cell per 24 

hours . .10 tone 17 cwt. 

Total quantity of Refuse 

burned per square foot 

of grate per hour . 34 lb. 

Total Water evaporated . 28 tons 6 cwt. 1 qr. 8 lb. 

hour 1 ton 14 cwt. 1 qr. 1 lb. = 3,837 lb. 



207 

Digitized by GOOJ^Ie 



REFUSE DISPOSAL AND POWER PRODUCTION 

Total Water evaporated per 

square foot of heating 

surface per hour . 1-34 lb. 

Total Water evaporated per 

lb. of Refuse from and 

at 212° F. or 100' C. . 1-512 lb. 
Mean Steam Preaeiire . 1451b. 
„ Feed Temperature 

(Tank) . . .57° F. 

„ Main Flue Temperature 1,700° F. 

A few extracts from the official ligures of the first year's work- 
ing ( 1802) are here given : — 




> Elec-tricity Wo 



Load factor 
Fuel cost 
Works „ . 
Tot«l „ . 
Deficit 



12-fll per cent. 
I-75d. per unit. 
2-45rf. „ „ 
3-16rf, „ 



Fig. 56 illustrates the general arrangement of this installation 
It will be observed that additional cells wili be erected on the 
right and additional boilers on the left, which arrangement must 
operate seriously against the general efficiency. 
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Birkenhead Municipal Corpoeation — Population, 111,102. 
Two Installations. 





I 


2 


A 


1804 


1896 


B 


Fryer top ted 


Warner top ted 


C 


12 


12 


D 


1 Multitubular 
1 Babcock A Wilcox 


1 Multitubular 


E 


180 feet 


180 feet 


F 


Steam Jet Blowers 


Fans 


G . 


Mortar mills and forced 


Mortar mills and forced 




draught 


draught 


»H 


90 tone 


90 tons 


I 


10-21d. 


10-21rf. 



Mortar sella freely at &e. Gd. per ton and yields a fair profit. 
The total expenditure in connection with the two installations, 
but exclusive of cost of the site, was £22,774. 

blemihgham municipal corporation— population, 522,204. 
Four Installations.' 



A 
B 

C 


1 

Sliadwoll Street 

1877 

Fryer 

top fed 

4 

16 Multi 


2 1 3 
MontBguo Street Rotton Park St. 

1879 1879 
Own design i Own design 


Mtrntgoniery St. 

1899 
Fryer Im- 
proved top fed 
12 


D 


tubular and 2 O'alloway 


2 Lancashire 


E 
F 
G 

H 


140 feet 

Screening and 

Poudrette 

eliop 

To 


260 feet 

mixing manure, 
plant, mortar 
machinery 

tal 40 


200 feet 

driving 
mills, work- 

To 


195 feet 
Fans 
Electric light- 
ing of works 


I 


- 


- 


' - " 


982c;. 



' Twelve Cells only are in operation at one time. 

' [Additional inatallationB are now contemplated. 
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Ab will be observed, Binningham is well equipped for the final 
and sanitary disposal of its refuse. It is true that a large number 
of the cells in use do not conform to modern requirements, many 
having bee i in use for upwards of twenty years, but large modem 
installations are being erected as circumstances warrant, and 
doubtless in course of time the original cells, having served their 
purpose, will be dismantled and replaced by modem ceils. 

It is inti^resting to observe that during the year 1902, no leea 
than 120,000 tons of refuse was destroyed, and that 5,805 tons of 
rough clinker and 4,806 tons ot screened clinker were sold to 
contractors. 



Blacjcbukn Mumicipal Cobi-oratioh — PoruLATiON, 129,216. 
Four Ihstallations, 





1 


2 


3 


4. W.W. 


A 


1879, 1890 
and 1900 


I90O 


1901 


1903 


B 


Fryer 


Meldrums 


Heenan's 


Heenan*e 




top fed 


front hand fed 


back fed 


back fed 


C 


10 


2 gratcH 


6 


8 


D 


1 Multitubular 




'2 Water tube 




E 


300 feet 


75 feet 


156 feet 


150 feet 


F 


— 


St*am Jet 
Blow«™ 


Fan. 


Fan 


G 


Mortar railla 


Municipal 


Supplied to 


Water 






work ahopH 


gasworks 


pumping 






macliinory 






H 


40 


1.1 


30 


45 


I 


10(i. 


llrf. 


lOjd. 


- 



The cost of instaUation No. 2 was £1,200, as against 
£9,000 for No. 3 installation, and a proportionally higher sum for 
installation No. 4. The first installation cost £10,724. 

It sliould be noted that steam power is supplied to the Ga-i 
Works, which adjoin Destructor No. 3. For this steam the Gas 
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Committee pay a Scaveogiiig Committee the aum of £300 per 
annum. 

Some interesting details of an evaporative test with this plant 
are here given : — 

Date of Teet .... May 16, 1901. 

Duration .... .7 hours 40 minutes. 

Cells in use . .4 —2 twin cells. 

Total grate area .... 120 square feet. 

Total heating surface of boiler . 2,400 square feet. 

Type of boiler .... Heenan's Patent Water Tube. 

Total Refuse burned . 31,6S21b. 

Total Refuse burned per hour average 4,160-8 lb. 

Total Refuse burned per square foot 

gntle per hour . 3466 lb. 




Refuse burned per cell per hour . 1,015 lb. or cwt. qr. 7 II: 
Rato of burning capacity per cell 

per 24 hours . . .10 tons 1 7 cwt, 2 qr. lb. 

Total clinker and iiro ash . 10,052 lb. 

Percentage of clinker and line ash 

to charged refuse . . . 25-6 per cent. 

Temperature of combu.Htion chamber 1,800° F. 
Temperature at chimney base . "OO" F. 
Temperature of feed-water in tank 60° F. 
211 
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Temperature of feed-water after 

leaving exhatiBt eteam heater IIS-S" F. 
Temperature of charging floor 70° F. 
Temperature of cUnkering floor . 79° F. 
Average ateam pressure . 122-3 lb- 
Total water evaporated . 36.221 lb. 
Total water evaporated per hour . 4,724'7 lb. 
Total water evaporated per hour 

per square foot heating surface 1'96 lb. 
Total water evaporated per lb. of 

refuse actual . . 1-136 lb 

Total water evaporated per lb. of 

refuse from and at 2 1 2' F. . 1 -297 lb. 

Percentageof CO, (approximately) 11-87 per cent. 

Fig. 66 is a cross section through the boiler, cells and hopper at 
No. 3 installation, which, however, haa been somewhat modified 



Blackpool Municipal Corporation — Population, 50,330. 
Four Installations. 

E.W. 





No. 1 


No. S 


No. 3 


No. « 


A 


1890 


1896 


1899 


1903 


B 


Fryer 


Horsfall 


Mason's 


HorsfaU's 




top fed 


top fed 


gaaifier 
top fed 


charged 


C 


8 


4 


2 


6 


D 


1 Multitubular 




1 Vertical 


2Babcock& 
Wilcox 


E 


_ 


116 feet 


_ 


200 feet 


F 





Steam Jet 


Steam Jet 


Steam Jet 






Blowers 


Blowers 


Blowers 


G 


— 


— 


— 


Electric 
Lighting 


H 




32 tons 


8 tons 




I 


" 


U. %id. includ- 
ing supervision 


" 


~ 



With a population varying from 50,000 to 120,000 in the eeason. 
ample destroying capacity is demanded, and it will be observed 
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REFUSE DESTRUCTORS IN ENGLAND AND WALES 

that at Blackpool, with its many and varied attractiona, sanitation 
has been kept carefully in mind. 

As showing the class of refuse which lias to be dealt with duiing 
the season, it is interesting to note that no less than two tons of 
paper is coUeoted every day within a half mile radius of the Town 
Hall. The fourth Destructor installation will undoubtedly prove 
to be very superior in every respect to those previously erected. 

Bolton Muhioipal Cobporatioit — Population, 171,082. 
Four Installations. 





No. 1 


No. 2 


No. a 


No. t. S.W. 


A 


IB81 


1888 


1901 


1902 


B 


Fryer 


Local design 


Horsfall 


Mel drum 




top fed 




back hand fed 


top fed 


C 


8 


10 


8 


8 


D 


1 Multitubular 


2 Multitubular 


2 Bftbcock & 


2 Babcook & 








Wilcox 


Wilcox 




30 It. X 7 ft. 


30 ft. X 7 ft. 






E 


laOfeet 


196 feet 


Same chinmey 


22Sfeet 


F 


— 


— 


Steam Jet 
Blowers 


Fan 1 


a 


Mortar MiUa 


Mortar Mills 


Forced 
draught and 
Mortar Mills 


Sewage 
Pumping, etc. 


H 


40 torn 


50 tons 


59 tone 


Refuse and 
sludge 1 


I 


lOd. 


lOd. 


~ 


— .. . 



Some details of an evaporative teat with (No. 3) Horsfall's 
Destructor at Wellington Yard are here given : — 



Date of test 
Duration of teat . 
Number of ceUa used 
Total grate area of cells 
Number and type of boilers used 
Total heating surface of boilers 



Angast 2, 1902. 

221 hours. 

8. 

240 square feet. 

2 Baboock & Wiloox. 

2,8S2 square feet. 
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Weight of Rvfuse destroyed per cell per 

hour 1.078 28 lb. 

Weight of BefuB© destroyed per square 

foot of grate eurfoce per hour . . 35-67 lb. 

Water evaporated per lb. of Kofuse, from 

and at SIS" F. . -8 lb. 

Mean Steam Pressuro .... 116-6 lb. 

Highest temperature in main flue . . 2-000° F. 

Percentage of residue to refuse destroyed 37 -3 per cent. 

The general arrangement of Meldrum's Destructor (No. 4) at 
Hacken Sewage Works will be seen by referring to the b!ock plan 
(Fig. 66). This is the most modern and complete instollatioD in 
this country for dealing with Sewage Sludge. 

The sludge is pressed and so reduced to one fifth of its original 
bulk, but when ready for destruction still contains sixty per cent, of 
moisture. Two thirds of sludge are destroyed to one third of ref uae, 
and from this mixture sufficient power is obtained to operate the 
pumping plant, sludge presses, lime mixers, conveyor plant, and 
also for the electric lighting of the works and the manager's 
house, 10 arc lamps and 44 incandescent lamps being provided for 
this purpose. 

Some interesting figures are available which will serve to clearly 
show how the two old Destructors in Bolton have been operated 
profitably, as the result of the great demand for mortar produced 
from the clinker. 

The following statement, for the year 1901, and referring to 
the old Destructors only, will doubtless be of interest : 

Total quantity of refuse destroyed —33,528 j tons. 
Wellington Yard Destructor, mortar making. 
Made and sold — 



" Common " mortar at 5«. per ton . 1,837 10 
"Sperial" „ 8«. 8rf. „ „ 115 8 8 



Coat of Mortar making . 1,376 4 11 

Balance £676 11 9 
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Back o' The Bank Deetructor, mortar making. 
Made Mid sold— 



6,881 tons 
288i .. 


"Common" mortar at 5a, per ton 
"Special" „ „ 6*. Sd. „ 

Coat of mortar making 

Balance .... 


. 1,470 5 
95 S 








1,666 10 
1,106 









. £459 






SCUMART. 

Total weight of mortar made and sold I3,865{ tons. 

£ «. d. 

Total revenue from sates 3,518 6 8 

Total cost of manufacture 2,482 4 11 

Net proHt from sales 1,037 11 9 ■ 

The profit on the manufacture and sale of the mortar, according 
to the above figureB, is Buch as to provide for the greater proportion 
of the labour cost in connectioD with the destruction of over 
33,500 tons of refuse. Nor are the results obtained during the 
year 1901 exceptionally good, for in 1897, after paying the 
wages cost, and also for lime and water, tools, and current repairs, 
the sales of mortar yielded a net profit of £1,360 Oa. 2d., which sum 
sufficed to pay the whole of the wages in connection with the 
DeBtructora while still leaving a balance of £120 I65. Qd. 

Ten mortar mills are in constant use, the mortar is in great 
demand, and, as will be observed, at a paying figure. While 
perhaps this case is without parallel, yet in every cose where 
mortar is being made and sold, a profit is being realized. 

BooTLE MtmiciPAL Corporation — Population, 58,566. 

A 1893. 

B . Local d^iign ; modified Fryer. 

C 12. 

D 1 Multitubular, 14ft. X 6 ft. 

E 170 feet. 

F — 

Q Clinker crusher and mortar mills. 

H 50 tons. 

I UK 
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The total cost of this installation was £9,000. The clinker is 
fully utilized, s Musker Flag plant being installed in addition to 
the mortar mills. 



BOUENEMOUTH MUNICIPAL CORPOBATION — POPULATION, 47,003. 
1887 and 1801. 
Warner's top fed. 
6. 

None iised. 
LW feet. 
. Natural draught only. 
No piower available. 
30 tone. 



This is one of the few remaining installations in this country 
working with natural draught alone. Additional cells are badly 
needed, and these should be of the modem high temperature type, 

Bradfoed Municipal Coeporation— Poput.ation, 278,767, 
Four Installations. 





No. 1 


N(i. 2 


No. 3 


No. 4. E.W. 




1807 


aiffe Road 
1801 


SoutlifiBid Uno 


SunbridRa Road 


A 


1902 


1003. 


B 


Horsfall 


Fryer 


Horxfall 


Horsfall 




top fed 


top fed 


top fed 


top fed 


C 


12 


8 


a 


12 


1) 


2 Multitubular 
each 11 ft. X 8ft. 




^ 


2Babcock& 

Wilcox, marine 

type 


E 


180 feet 


180 feet 


180 feet 




F 


Steam Jet 


Steam Jet 


Steam Jet 


Steam Jet 




BloweTH 


Blowers 


Blowers 


BIOWOB 


G 


Works 


Works 


WorkB 


Electricity 




piirponefl 


p»ir[ioseH 


purposes 




H 


120 tons 






120 tons 


I 


9d. 


- 


- 


- 
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Installation No. 1 , known as Hammerton Street Destructor, 
originally compriaed a twelve cell plant of another make erected 
in 1880 and 1882. Nine years later forced draught was added 
to the twelve cells, which in 1897 were rebuilt by the Horsfall 
Company. 

This installation secured great prominence owing to the enter- 
prise and unceasing labour of the late Mr. John McTs^art, the 
well known Cleansing Superintendent of Bradford. Mr. McT^- 
gart's work will be long remembered in Bradford, tending as 
it did to revolutionize Refuse Disposal, more particularly perhaps 
in the economic utilization of the residuum. 

Some details of an evaporative test with this plant are here 
given : — 



U&te of test .... 
Number of cells .... 

Type 

Duration of test .... 
Nature of fuel .... 
Number of men employed 
Wages ..... 
Total quantity of rcfuso burned . 
Total quantity of refuse burned per 

cell per 24 hours . 
Total cubic feet of refuse burned per 

cell per 24 hours . 
Total quantity of rrfuRO burned per 

cell per hour. 
Total quantity of rofuso burned i>er 

square foot of firo grat* per 

hour 

Cost of labour per ton destroyed . 
Total weight of water evaporated 
Total weight of water evaporat«l 

per hour .... 
Total weight of water evaporated 

per cell per hour . 
Water evaporated per lb, of refuse 

burned 
Water evaporated per lb, of refuse 

burned from and at 212° F. . 
Weight of clinker produced . 
Weight of tine ash produced - 
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June 24 to July 7, 1900. 

12. 

Horsfall'a back to back. 

278 hours. 

Midden, market and dry refuse. 

12 furnace men, 6 chargers. 

Furnace men 2Sa., chargers 2!>». 

2.896,320 lb. -1,203 tons. 



20,837 lb. -9 3 tons. 
543 feet. 
808 lb. 

341b. 

Qd. 

2, 1 5.1,000 lb, 

7,774 lb. 

6451b. 

743 lb. 
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Weight of 6uo dust produced 


8,992 lb. -2 67 tons. 


Total weight of redduab 


650,444 lb. -379 66 tons. 


Percentage of residuob 


29 36 per cent. 






recorder) .... 


601b. 


Temperature of feed-water . 


60" F. 


Temperature of gaaee in main flue 


1,800" F. 


Temperature of gases at chimney 




bottom . , . . 


1.000= F. 


Averse air pressure (water gauge) 


Jin. 


Total I.H.P. per hour at 20 lb. . 


387-2 


Total LH.P. per ceU continuously . 


322 


I.H.P. houis per ton burned 


832 



SUMMABY OF WEIGHTS OP REFUSE TAKEN DUBINQ TeST. 

Tons cwt. qra. 

Lett in pit to start with 15 

1,358 loads of ashpit refuse .... 1,174 15 1 
61 loads of market refuse . 47 19 3 

80 loads of light refuse 31 3 

447 tradesmen's carta, averaging 2 cwt. each 44 2 

1,313 
Less quantity left in pit 20 

Total 1,293 

cwt. qr. 
Average weight of one load of ashpit refuse . . 17 1 

Average weight of one load of market refuse . . 15 3 

Average weight of one load of light refuse .73 

lb. 
One cubic foot of ashpit refuse weighs .... 42-2 
One cubic foot of market refuse weighs . , . . 22*6 

One cubic foot of light refuse weighs .... 19-2 

During the t««t the power generated was utilized in the following manner : 

£ «. A 

306 tons 13 cwt. 2 qr. of mortar made and sold, value . 82 8 6 

442 tons of crushed clinker sold . . 14 14 g 

245squarcyardsof concrete flag» manufactured, value 38 15 10 

3 tons 3 cwt. 3 qr old tins sold, value . . 15 11 

About 4 tons of deb guano manufactured . 12 



£148 14 11 



Tlie whole of the water evaporated was measured through a K^inedy 
water meter, fixed direct to the boiler. 
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Flo. 58. Bradford (Hamuertok Street) Destructor. 
Vtew on (op ol Cells thawing the ChnrgtnR Clp«nitkin. 
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Analyses of Chdiney Gases from Haboibeton Stbbet 
Destbuotob, Bradford, by Mr. F. W. Richardson, F.I.C, 
F.C.S., City Analyst of Bradford. 



Date. 


June 29 


2 
July 24 


AugoM 3. 1900 


Carbon dioxide 

Ciurban monoxide 

Sulphur oxidee 

Oxygen .... 

Nitrogen .... 


4-62 
1-88 

1468 
78-82 


612 

traces 
15-40 
78-48 


3-82 pw cent. 

378 ., ,. 

none 

1640 .. „ 

7600 „ „ 



At installation No. 3 (Southfield Lane) a considerable quantity 
of screened clinker and mortar is sold, as is also the case at Ham- 
merton Street (No. 1) ; and at the latter works a flag plant is also 
in operation, which is capable of turning out some 200 paving 
Saga per day. 

i ' At installation No. 4 (Sunbndge Road) the twelve cell plant is just 
now in course of erection, and will replace nine old cells. The power 
will be fully ntihzed for generating electricity, the makers guar- 
anteeing an output of 1,000,000 unita per annum from 120 tons of 
refuse daily. Assuming that the working days number 300, this 
would give an output per ton of refuse destroyed of rather less 
than 28 units, which figure should be reached without difficulty. 

Fig. 58 clearly shows the method of charging at the No. I 
Hammerton Street Destructor, top fed type; the intake to the 
blast flue will be observed immediately behind the ohargeman. 
Brbntfobd Urban District Council — Popuiation, 16,163. 

S.W. 
A . . . 1900. 

B . . Fryer's improved, with Meesis. Boulnois, Wood 

& Brodie's patente. 
C . . .4. 

D . .2 Babcock ft Wilcox. 

£ . .ISO feet. 

F . . Fan, 

G . Sewage pumping, 600,000 gallons per 24 houra, 

also electric lighting of the works, atables 
and yard. 
H . .14 tons. 
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BeIDPOBT MuMICIPAL COBPORATION — POPTJLATIOH, 5,944. 

The CoDQcil have recently decided to erect a small Destructor 
of the Horsfall type. 

Brighton Mjjnicipal Corpobatios — Population, 124,539. 



Fryer's Improved, including Meesrs. Boulnois 

& Brodie's patente. 
12. 

1 Multitubular, 12 ft. x B ft. 
200 feet. 
Fan. 

Mortar mill and fan engine. 
73 tons. 
Is. 7d. per ton. 



This Destructor was originally arranged to work with natural 
draught, but about two years since it was found advisable to add 
forced draught at a cost of about £1,791. 

The mortar, made from three parts of chnker to one part of lime, 
is disposed of at a small profit. A considerable quantity of clinker 
is used for road foundations, and to further utilize this product it 
is proposed to erect a cUnker brickmaking plant. Exhaustive 
inquiries concerning the utilization of clinker for brickmaking 
were made both in this country and on the Continent. 

Bristol Municipal Corporation — Popuu.tion, 328,842. 



B Fryer top fed. 

C 18. 

D 1 Multitubul«, 12 ft. X 8 ft. 

E 180 feet. 

F . Steam jet blowers —6 celb. 

Natural draught— 8 cells. 

G Forced draught, mortar mills, etc. 

H 108 tons. 

I Hid. per ton. 
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The cost of the DeBtmctor infitallatioii was as follows : — 

£ 

Foundations 2,909 

Destructor, cremator, approach road and otRcps . . 6,820 
Chimney 1,089 

A clinker crusher and two mortar mills with 7 ft. pans are 
installed to dealwithpartof the clinker, also a Masker Flag plant. 
During the year ending March 26, 1902, the clinker was dis- 
posed of as follows : — 

14 tons of mortar sold at la. M, per ton, 

, „ used by the Corporation. 
, screened ashes sold at 1«. id. per ton. 
, „ „ used by the Corporation. 

, rough ashes sold at \». per ton. 
, breeze sold at \e. Sd. per ton. 
, „ used by the Corporation. 
, clinker for road foundations sold at 1«. per ton. 
„ used by the Corporation. 

carted to tips. 
., used for concrete flags and artificial stone 
dressings. 

About 97 yards super of paving flags are produced daily in 9 
hours at a cost of 28. Qd. per yard, exclusive of repairs and depre- 
ciation. Slabs and building dressings are also made in wooden 
moulds by hand at a cost of 2s. 4d. per yard super. 

Burnley Municipal Coktoration — Population, 97.044. 
Two Installations. 

E.W. 

1. 2. 

A . . 1898. 1902. 

B , . Meldnini's Beaman & Meldrum's front hand 

Deas top ted. fed. 

C . .1 Babco(!k & Wilcox. 1 Lanoosliire, 30 ft. x 8 It. 

D . . 2. 4 grates. 

F - Fan. Steam jet blower. 

G . . Electric ligliting. Klectrio lighting. 

11 . . 30 tons. 40 tons. 
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In addition to the boilers in connection with the Destructors, 
3 Lancashire boilers, each 28 feet long and 7 feet 6 inches in 
diameter, ore installed for coaJ firing. The power equipment of 
the station is as follows : — 5 compound condensing engines, with 
5 Elwell Parker and E.C.C. dynamos direct coupled, having a 
total capacity of 960 K.W., also Tudor cells of 500 ampere hours 
capacity. 

'BuESLBM Municipal Corporation— Population, 38,766. 

A 1889. 

B . ■ Fryer top fed. 

C 4. 

D 1 Multitubular. 

E 80 feet. 

F Fan. 

G Fan engine only. 

H 25 tons. 

1 U. 5d. 

Bueton-on-Trent Municipal Corporation — Population, 

60,386. 

Two Installatioss. 



. 1901. 




1899. 


, Fryer top fed. 




Meldruni front hand ted. 


. 4. 




2 grates. 


. 1 Multitubular. 




1 Cornish, 20 ft. > ft. 


. 144 feet. 




Same chiiniicy UB<^d. 


_ 




St.»m Jot Blowiirs. 


Works purposes 


only. 


Lighting works, water pump- 
ing, clinker crusliing. 


. 25 tons. 




20 tons. 


. U. 4d. per ton. 




Is. 4d. per ton. 



I 

The installation here is of peculiar interest; the accompanying 
report by Mr. G. T. Lynam, the Borough Engineer, will serve to 
show how the Fumo Cremator was " converted " into a two grate 
unit Destructor, a novel departure, but apparently amply justified 
by the results obtained. 

' It haa recently bnen decided to erect a second I )estructor to deal with 
10,000 tons of refuse per annum. Tlie j>owor will bo fully utili^ted for 
electrical purposes. 
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County Boboitqh of BDBTOS-ON-TaENT 
Corporation Distructor 

The first portion of tlie Destructor, consiBting of four cells, tipping 
platform, approach road, boiler and engine room, sliedB and chimney, were 
erect«d by Messrs. Manlove, Alliott & Co., in 1890, at a cost of £4,800. 

Theje cells are capable of destroying about 8,600 tons of refuse per 
annum. The quantity of clinker and aah remaining is about one-third 
of the bulk put into the furnaces. 

About a year and a half ^o a new furnace was erected by Messrs. 
Meldrum Bros., and the following is an epitome of the teets which were 
complet«d in April, 1900. It was feared that with forced draught to the 
new cells, tJie efficiency of Uieold ones would be Beriously interfered with, 
but, aa a matter of fact, the loss was not very great after certain difficulties 
as to the arrangement of the flue dampers were overcome. 

At the first test, with the ordinary staff of men working 16 hours on 
the new furnace and twenty-four hours on the old, the former deetroyed 
15 tons 4 cwt. 3 qrs., or 19 cwt. per hour. The four old cells destroyed 
27 tons II cwt. 1 qr., or nearly 23 cwt. per hour. 

At the second test, which lasted 24 hours, the Meldrum cells destroyed 
25 tons 8 cwt., or 2 cwt. per hour, which is equal to 44-8 lb. of refuse 
destroyed per square toot of grate area per hour. At the same time, 
the old ceUs destroyed 23 tons 15 cwt. 3 qrs., or 19 cwt. 3 qrs. 8 lb. 
per hour, equal to 22-2 lb. per square foot per hour. For tlus test four 
additional men were employed. 

A third test made with the new furnace working to its full capacity 
resulted in 131 tons 14 cwt. being consumed in 120 hours, or 21-95 cwt. 
per hour, equal to 44-5 lb. of refuse per square foot of grate surface-, 
the proportion of clinker resulting being 25'5 per cent. 

As Heesre. Meldruin's guarantee was to destroy not less titan 15 tons 
of refuse per 24 hours, the result of the test shows that they have exceeded 
that amount by 75-5 per cent. 

A new Comisli boiler, 20 feet by feet, Iios been fixed, the old one 
liaving proved to be much too small to deal with the great heat now 
produced. 

It is proposed now to add to tlie works an electrical installation for 
lighting the stables and workshops adjoining, and a plant for pumping 
water for washing night soil pans. A stone breaker for breaking clinker 
and other material has recently been fixed. If further use can be found 
for tlie steam, there is little doubt tliat there is sufficient heat for a second 
boiler of the size above stated. 

Tlie total cost of the addition of the Meldrum furnace, with alteration 
to flues, new bye-pass, and the incidental work in connection with the 
alterations, has been about £540. 

The following tacts will be of interest, but tliey relate only to the 
old cells; — 
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Total coat of working for 12 months ending March 31, 

1900, was equal to 2s. Id. per ton burned . 930 7 5 
Wages for same period were equal to Is, SJrf, per toti 

burned ....... 645 4 7 

Repairs to macliinery . . . . 9 13 S 

„ firebars 20 10 

„ buildings 70 3 

The weight of the refuse consumed at present is about 200 tons per 

week, and the sveri^e amount of wages is £13 lOs., equal to Is. 4(J. per ton. 

The number of men employed is 8, divided into 2 day shifts of 3 men 

each, and a night shift of 2 men when the Meldrum furnaceu are not used. 

Geobug T. Lynam, 

Uorough Engineer and Surveyor. 
Town Haix, June 13, 1901. 



Bury Municipal Cokforation — Population, 58,028. 
Two Installations, 



1897. 

Warner top fed, 

6. 

3 ^tiiltitubular. 

180 teet. 

Fan. 

Works purposes. 



1901. 

Horsfall top fed. 

6. 

2 Babcock & W'ilcox. 

St^am jet blowers. 
Sewage pumping. 
40 tons. 



A few details of an evaporative trat made by Mr. Watflon, the 
Electrical Engineer, are here given : — 



Duration of test . 


4 hours. 


Number of cells in use . 


6. 


Total refuse destroypd . 


9 tons 1 owt. 


„ water evaporated per hour 


2,700 lb. 


Temperature of feed water 


50° F. 


Evaporation per lb. of refuse . 


fl32 lb. 



Complete details of a test with installation No. 2 are here 
given :— ^ 
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Date of test ..... 

Duration of test .... 

Numbra' and type of cells 

Total grat« suriace 

Nature of ref uae .... 

Number and type of boilers 
Total heating surface 
Total quantity of refuse burned 
Total quantity of refuse burned per 

cell per 24 hours 
Total quantity of refuse burned p^ 

cell per hour .... 
Total quuitity of refuse burned per 

square foot of grate per hour 
Tons per man per watch . 
Cost of labour per ton burned . 
Total water evaporated . 
Total water ©vapomtod per lb. of 

refuse calculated from and at 

212° F 

Total water evaporatod per square 

foot of heating surface per hour 
Mean steam pressure 
Mean feed temperature 
Mean main flue temperature 
Mean temperature behind boilers 



March 10 to 11. 1902. 

24 hours 

6 Horsfall cells, back to back. 

180 square feet. 

Unscreened house, wet ashpit, 

garden and market. 
2 Babcock & Wilcox. 
2,SS2 square feet. 
129,360 lb. 

21,660 lb. 



29 9 lb. 

5 tons 15 cwt. 



141b. 
121-8 lb. 



Buxton Municipal Corpoeation — Popuxj.tion, 



lO.isl. 
S.W. 



No power available. 

12 tons. 

lid. 



Cambridge Municipal CtowoRATioN — Population, 38,398. 

A 18UB. 

B . Fiyer'simproved, including M<«sre.Boulnois, Wood 

&. Brodie's pat«nt«, top fed. 
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Fan. 

Sewage pumping. 
35 tons. 

le. 3d. including supcrviiiiun. 
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The total cost of the Destructor, boilers, building and chimney 
was £10,177. The dry weather flow of sewage is 2,000,000 gallons, 
this volume having to be lifted 43 feet. The pumping plant com- 
prises two 80 H.P. tandem compound condensing pumping engines. 

The indicator diagrams here reproduced {see Fig. 59) are 
very interesting as showing what work has been accomplished 



with this plant, while Figs. 60 and 61 respectively clearly show the 
pumping engines and cells and boilers. 



Til© calculaliom of piAver (se 
Diameter of cylinders, 26 i 
Steam on boOer 
Vacuum . 

Strokes per minuti! . 
Moan P. in H.P. cylinder 

., „ I-P- 
I.H.P. in H.P. 
1,H.P. in L.P. 
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Canterbury MuNicrpAL Corporation- 



-Population, 24,868. 
E. W. 



Mcldrum's Beainan & Doan. top fed. 

2. 

1 Babra(-k A Wilcox. 

150 in-t. 

Fan. 

Electric lighting. 

20 tons. 



IB 



Four Lancashire boilers for supplementary coal firing are pro- 
vided in a separate boiler house, and the power equipment of the 
station is as follows :^4 high speed enclosed engines and 4 dyna- 
mos direct coupled, of a total capacity of 600 K.W. Also 280 
Chloride R. type cells, capacity 630 ampere hours. 
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Some details of the official evaporative test of the Destructor 
are here given. 



Official test at Canterbuby Destrdctob and Electricttt 

Works with Meldrum's Beaman and Dhas Patent 

Destructor. 



Quality of refuse 

Duration of lest . 

Average temperature of feed-water 

Average boiler prewure 

Refuse consumed 

Water evaporated 

Wat«T evaporat«d per lb. of refuse 

under actual conditions 
Water evaporated per lb, of refuse 

from and at 212° F. 
Water evaporated per lb. of refuse 

from feed-water at 60° F 
Refuse burned per hour 
Water evaporated per hour . 
Rate of burning per day of 12 hours 
Weight of clinker 



Dry and of average quality. 

8} hours. 

123° F. 

125 lb. per square inch. 

29.400 lb. 

41.300 lb. 

14 lb. 



1-28 lb. 
3,360 lb. 
4.717 lb. 
18 tons. 
5 tons 3 cwt. 



It is interesting to compare the figures of the official test with 
the following figures which cover a period of 200 working hours ; — 

Total weight of refuse destroyed .... 256 tons. 
Average rate of combustion per hour .1-28 tons. 

Total water ei-aporated (actual) .... 5.52,480 lb. 
Average e^'apoTation per lb, of ri-fuBc destroyed 

(actual) 0861b. 

Average evaporation per hour .... 2,762 lb. 

Cheltenham Municipal Corporation — Population, 49,4.10. 



Mortar milk and diainfectur. 
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Chesteefield — Population, 27,185. S.W. 

A 1901 and 1902. 

B Horsfall back hand fed. 

C 4. 

D 2 Babcock & Wilcox. 

E — 

F Steam jet blowers. 

Q Sewage pumping. 

H 25 tona. 

I 7«d. 

This installation has been very successful. The clinker Ib- 
crushed and utilized on the Bacteria Beds. 



Cleckhbaton Uebam- District Council — Population, 15,260. 

E.W. 
1902. 
Meldrum front hand fed. 
4 grat«a. 
2 Lanceehire, each 26 ft. > 



120 feet. 

Steam jet blowera. 
Electric traction. 
12 tons. 



X 7 ft. 



3S. 



The working pressure of the boilers is 1801b., steam being 
supplied to the engines at 180 lb. pressure. In addition to 
regenerators for heating the air supply for combustion, a Green's 
Economiser of 192 pipes is also provided. 

The equipment of the power station is as follows : — 

3 Betlis high speed engines, and 3 Johnson Lundell dynamos, 
direct coupled, having a total capacity of 460 K. W., also 270 E.P.S. 
cells— capacity 400 ampere hours. 

The main load at present is for traction purpose, the Council 
having an agreement with the British Electric Traction Company, 
by which all energy required will be supplied from the Council's 
station. 

The agreement provides for a minimum supply of 400,000 units 
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per annum at l^d. per unit, that is the Company will pay £2,50O 
per year to the Urban District Council. The next 100,000 uiut« 
will be charged at l'4if. per unit, and all in excess of this at \-3d.per 
unit. This is generally considered by all concerned to be a fair 
price, enabling alt standing station charges to be met, but giving 
no undue profit to the Council. Briefly, such an agreement allows 
Cleckheaton to possess its own electricity undertaking without risk 
of its being any burden on the rates. 



CoLNE MuNicrPAi, Corporation— Population, 23.000. 

E. W. 
1899. 

Meldrum's Beaman & Deas lop fed. 
2. 

1 Babcock & WUcox. 
210 ft. X 6 ft., internal throughout. 
Fan. 

Electric lighting. 
18 tone. 
lOid. 



The following report by Mr. H. C. Sugden, the Health Super- 
intendent, of the first nine montlis' working of this installation, 
will doubtless be of interest. 



Refuse DESTRtJCroR. 

This important undertaking eommenped working in March last, and 
for the nine months ending December 31, 1899, it burnt the follon-ing 

Loada of refuse 3,489 

Loads of garbage ....... 43 

Total 3,892 

Tons cwt. qrs. 

Weight of ashes 3,083 1 22 

Weight of garbage 49 18 

Total 3,132 19 2 
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The number of actual working fan Iioutb of the furnaces amounts to 
1,767, showing a consumption of refuse amounting to 1 ton 15 cwt. 1 qr. 
per two cells per hour. This, in my opinion, ie a very good result, 
when we take into consideration that in summer we only average 55 tons 
per week of 48 fan hours, while in the winter our consumption amounts 
to an average of 98 tons per week of 48 fan hours. 

There is no doubt that if there were sufficient refuse in the town to 
keep the Destructor working night and day, tlie consumption would be 
materially increased, as the furnaces in the morning are practically cool, 
this neceasitating tlie first few loads taking longer to burn than those at 
a later period of tlie day. 

I should like to draw your attention to the enormous waste of steam, 
wliicli could, undoubtedly be used tor some purposes to create a slight 

On January 26, 1900, Mr. Cooper, the electrical engineer, and I took 
a test to gauge the amount of horse power which at present is not utilized 
tor any purpose. 



Duration of test ■ ^i hours. 

Steam pressure . . .90 lb. 

Temperature of feed-water 100' F, 

Water evaporated . 17 tons 1 cwt. 3qr. c 

Water e\-aporated per lb, of 

refuse burned . . . 1 lb. of water. 

Horse-power, on a basis of 

20 lb.steamperI,H.P. . 203 H.P. per hour. 



The test, in comparison with sixteen Destructors in various parts 
of the country, shows exceedingly well, and, as I said before, if the furnace 
did not cool during the night more favourable results would be acquired. 
Comparing the work of the last few months, I find that it is now being 
done witti greater economy and despatch. The men tiave now got quite 
used to their work, and appear to be content. 

Considering tlie financial side of the Destructor, the cost of burning 
runs out somewhat as follows : — 



Cost of biutiing {labour only) . .0 lOJ per 

Sinking fund and interest . 1 1 ,. 

Cost of carting, office, etc. , .21,, 

This mokes a total cost of refuse burned . 4 OJ „ 
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The cost of the installation was as follows : 

£ a. d. 

Land and ground rent 2,000 O O 

Chimn^ 2,026 O 

Buildings 1,450 O O 

Approach road 1.110 O O 

Destructor and boiler 1,190 O O 

Office and weighbridge 400 O O 

Engine and meea-roora 600 O O 

Boundary wall 450 O O 

Clinker crushing plant and engine 460 O O 

£9,676 O 

Wishing to fully utilize the power available from the Deelfuctor, it 
was decided to inatal a Parson's turbine, and steam is now supplied to a 
150 H.F. Parson's Turbo Generator, which generates at 480 volts for 
lighting, and 500 to 560 volte for traction. It is run at 3,300 revtdutioos. 

The additional plant at the electricity works is as follows : One Lan- 
cashire boiler and Green's economiser, one Bellis engine direct coupled 
to a Greenwood and Batley's multipolar dynamo, the total capacity 
being 260 K.W., also 270 P.T.L. York cells ; capacity 60 ampere hours. 

The clinker from the Destructor is crushed and graded, a portion 
being utilized for mortar making, but the greater part is sent to the sewage 
works for use on the bacteria beds instead of coke, which was fiH^merly 
employed. 

I Croydon — Popitlation, 137,000. 

The Corporation have recently decided to erect a Destructor 
of the " Warner Perfectus " type on a site known as Brimstone 
Barn. 

It is also proposed to erect two other Bestructora in the imme- 
diate future on other sites, with a view to keeping the cartage cost 
as low as possible. 

Dasttord Ueban Disteict Council — Population, 18,643. 

E. W. & S. W. 

A . . . . 1903. 

B . - - - Meldnwn improved top fed. 

C - ... 2 grates. 

D . .1 Lancashire, 30 ft. x 8 ft. 

E . . . . 120 feet. 

F . . - - Steam jet blowers. 
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G . . . . Electric lighting and aewag« pumping. 

H . . . . 20 tons. 

I . . . . Not yet detarmined, the Destructor only 

having recently been started. 

A Sugden Superheater is set in the downtake at the back of the 
boiler to give a moderate superheat, while beyond the superheater 
is the regenerator, for heating the air for comhnstion, and also a 
Green's Economiser for heating the boiler feed water. A Bruun 
Liowener Water Softener is also installed and arranged to deliver 
B supply of hot water to the economiser. 

The power will be fully utilized for sewage pumping and 
electric lighting, and it is anticipated that the daily collection of 
refuse will give sufficient steam not only for the operation of the 
sewage pumps, but also for the electric lighting until the demand 
for current seriously increases. 

Two additional Lancashire boilers of the same size as the 
Destructor boiler are installed in a separate boiler house, and these 
will be coal fired as may be found necessary. The power equip- 
ment of the electricity works comprises two Reavell engines, direct 
coupled to two General Electric Company's dynamos, the total 
capacity being 250 K.W. A stor^e battery has been installed 
by Messrs. Ashmore, Benson, Pease & Co., and has a capacity of 
250 ampere hours. 

Darwen Municipal Cortoration — Population, 40,000. 

E.W. 

A 1899. 

It . Meldrum front hand fed. 

C . . . - 8 Rrates. 

D 2Lancaahire,each30(t. xSft. 

E 240 feet. 

F . . . . ■ Steam jet blowers. 

G . . . ■ Electric traction and lighting. 

H 35 tons. 



For the year ending March 31, 1901, the following interesting 
figures are available. Tlie average evaporation per pound of 
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refuse destroyed over a total quantity of 10,000 tons was actuaJlj 
1-25 lb. of water. During the same period the total cost of 
coal, water and stoking to the Electricity Department was £1,200. 
With their separate coal fired boilers the Electricity Department 
evaporated 2,940,000 gallons of water during the year, while the 
boilers in connection with the Destructor, from refuse alone, evap- 
orated 2,520,000 gallons of water during the same period, thia 
being a net quantity after deducting the proportion of steam 
supplied for the forced draught blowers. 

On the basis of £1,200, aa the coat of evaporating 2,940,000 
gallons of water with the coal fired boilers, the 2,520,000 gallons 
of water evaporated by the Destructor boilers has a value of 
£1,050; that is, had there been no available power from the refuse, 
the Electricity Department would have paid £1,050 extra for 
water, coal and labour charges, ho that clearly this amount in the 
grosA, was saved by the combination. 

The %ure8 quoted are reliable, the water being supplied to 
the electricity works and the Destructor works through separate 
meters. Two supplementary coal fired boilers are provided in a 
separate boiler bouse. The power equipment is as follows : — 
Pour BeDis engines, and two Siemens', one Mather and Piatt, 
and one Bruce Peebles dynamos, direct coupled, having a total 
capacity of 900 K.W. Also 250 Tudor cells of 600 ampere 
hours' capacity, maximum discharge 250 amperes. 

Some extracts from the returns for the second year's working 
are of interest : — 



l^ad factor .... 


1212 per cet 


Fuel coat .... 


66d. per 


Works 


1 lOd. „ 


Total 


134d. ,. 


Net profit .... 


. £217. 



Some details of an evaporative test with the Destructor are 
here given ; — 



Date of test 

Duration of teat (2 p.m. to 10 p.m.) . 
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Ivind of fuel burned .... Unscreened ashpit 

refuse. 

Total refuse burned {15 tons 15 cvrt.) . . 35,380 lb. 

Refuse burned per liour (1 ton 19 cwt. 1 qr. 

14 lb.) 4,4101b. 

Refuse burned per square foot of grate per 

hour 52-5 lb. 

Total water evaporated (4,903 5 gallons) . 49,0351b. 

Water evaporated per hour (612 94 gallons) 6,129-4 lb. 

Water evaporated per lb. of refuse, actual . 1-39 lb. 



1-71 lb. 



10,936 lb. 
31 per cent. 



Water evaporated per lb. of refuse, from 
and at 212° F 

Total wdglit of clinker and ash (4 tonsI7 cwt. 
2qr8. 16 lb 

Percentage of clinker and ash . 

Average steam pressure .... IU5 lb. 

Temperature of feed-water . . . 40° F. 

Temperature of hot air feed . . . 291-6° F, 

TetnpcTature in combustion chamber (by 

copper test) ..... 2,000° F. 
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Analysis of Flue Oases. 
Percentage of carbonic acid (CO,) (36 

readings) 1413 per cent. 

Percentage of free oxygen (O) (35 readings) 621 per cent. 

Percentage of carbonic oxide (CO) (35 

readings) .,.,,. Nil. 



Fig. 62 shows one of the electric cars wliich are in operation 

for 18 hours daily between Darwen and Blackburn, the current 

being generated by steam from the Destructor boilers. It will be 

interesting to the still doubting councillor to compare this Ulus- 
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tration with say Figs. 2, 3, 5 and 6, Fig. 63 is a reproduction of a 
Bteam pressure recorder diagram. 



Derby Municipal Corporation — Population, 113,863. 
Two Installations. 



Fryer top fed. 
6. 

160 feet. 
50 Tons. 



Warner top fed. 

6. 

I Multitubular, 10 ft. x6ft 

Same chimney used. 

Fan. 

Fan engine and elevator. 



Dbwsbory Municipal Cortqbatioh — Population, 38,060. 



Meldrum'a Beaman & Deae top fed. 

2. 

1 Babcock & Wilcox. 

90 feet. 

Fan. 

Fan engine and mortar mill. 

28 tons. 

mad. 



A conBiderable quantity of mortar is made, which sella freely 
at 7«. per ton, yielding a fair profit. 



Eaung Municipal Corporation — Population, 33,040, 



1863. Tlirou exteneiona since. 
Fryer, Warner and Ealing model, all top fed. 
10. 

3 Multitubular. 
143 feet. 
Fan. 

Sewage pumping, xludgu pressing, etc., for 
approximate dotaibi see below.' 



Estimated saving in cool coat per annum, £300. 
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Mr. Chas. Jones, M.I.C.E., the Surveyor, has done yeoman 
service for many years past, in popularizing the Refuse Destmctor, 
and his name will always be remembered and honoured by the 
sanitarian. 

The clinker is all fully utilized. Mr. Jones has always claimed 
that he could make good use of every pound of clinker. 

^ Air compressorB for sludge preeaing . .25 H.P. 

Forced draught . 11 „ 

Sludge pump and slab plant . . . 6 „ 

Engines for operating lime mixers and agitators in 

tanks 12 .. 

3 steam pumps aggregating . . . 20 „ 

Total 79 H-P. 

Eastboukne Municipal Corporation — Population, 43,337. 

S. W. 

A 1890. 

B Fryer top ted. 

C 6. 

D 2 Multitubular. 

E 150 feet. 

F ...... . Natural draught only. 

G — 

H 35 tors. 



A six cell modem Destructor of the improved Fryer type is 
now in course of erection, with three Babcock and Wilcox boilers, 
one boiler being set between each pair of cells. The power will be 
fully utilized for working the air compressing plant in connectioD 
with Shone's ejectors. This Destructor will displace the original 
plant as described above, but the same chimney will be used. 

East Ham Urban District Council — Population, 100,000. 

S.W. 



Meldrum's apodal type front hand fed. 



I A ronsiderable quantity of sludge is destroyed with the rotuae. 
340 
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D . .1 Babcock & Wilcox. 



Steam jet blowers. 
Sewage pumping. 



This plant is now in course of erection; it ia merely an ezperi- 
mental installation, preliminary to the erection of a complete 
Destructor plant. 

Refuse will be burned in special designed furnaces installed 
under a large Babcock and Wilcox boiler, and also in connection 
with a large Lancashire boiler. This course has been decided upon 
as the result of aome experiments carried out on similar Unes with 
East Ham refuse a few months since. 

While undoubtedly a considerable amount of power may be 
obtained, the system cannot be generally recommended, mainly 
because power production and not perfect cremation is the 
inevitable result. 



EccLBs Municipal Corpobation- 



-POPULATION, 34,369. 

S. W. 



Meldmm'B front hand fed. 

4 grates. 

2 Lancanliire, each 28 f t. x 7 : 

95 feet. 

Steam jet blowcra. 

Sewage pumping. 

30 tons. 



Ellamd Urban Disteict Cooncil — Populatidh, 10,412. 

E.W. 
A . . , 1903. 

B . . . Meldrum's improved top fed and front fed. 

C . . .3 grates, 

' This iniitsllation, which will also comprise macliinery for clinker 
utilization, will not be complctud until early in 1004. 
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D . .1 Lancaahire, 30 ft. x 8 ft. 

E . . — 

F . Steam jet blowers. 

G . . E]lectric lighting. 

iH . . 10 tons. 

I . Tliis instailfttion haa only reoeatly been opened. 



Epsom Urbam District Coumcil — Population, 10,915. 

S.W. 



Meldrum'ij front liand fed. 

4 grat«e. 

2 Corniali, each Iflft. x6ft 

60 teut. 

Steam jet blowcni. 

Sewage piunping. 

10 tons. 



Fleetwood Urban District Council — Population, 12,082. 

E.W. 

A 1000. 

B Meldrmn'H Beaman & Deas top fed. 

C 2. 

D 1 Babcock & Wilcox. 

E — 

F Fan. 

Q . . . . . Electric lighting. 

H 12 tone. 



One additional boiler is instaUed for coal firing, and also a 
Green's EconoroiBer. The power equipment of the electricity 
works is as follows :— ^Two Willans engines, total H.P, 200, direct 
coupled to two four pole Johnson and Phillips dynamos, of a total 
capacity of 600 ampere hours. 
The detailed Sgures of the official test are here given. 

' A proportion of Bewai^o sludge ia also being d(«troyed. 
* This inittallatioa will not be oompletod until early in 1904. 
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Test of Mkldhum's Beaman and Dbas Type of 

Dbstructor at the Electiuc Light Station, 

Flebtwood. 

Date of t«st September 26, 1900. 

Duration of test ... .8 hours. 

State of weather .... Fine. 

Kind of fuel ..... Unscreened aslipit ref uBe 

(very wet). 
Number of cells .2. 

Area of each grate .25 square feet. 

TVpe of boiler ..... Babcock &, Wilcox. 

Heating surface of boiler . 1,426 square feet. 
Total weight of refuse burned, 14 tons 

7 cwt. 2 qra. 20 lb. . . 32,220 lb. 
Weight burned per hour, 1 ton 15 cwt. 

3 qrs. 23 lb. . . . 4,027 lb. 
Weight burned per square foot grate, 

per hour (60 square feet) . . 80-5 lb. 
Total weight of clinker and aah, 4 tons 

13 cwt. 1 qr. lb. 10,444 lb. 

Percentage of chnker and asli . . 32 4 per cent. 

Total water evaporated . 31,952 lb. 

Water evaporated per hour . 3,994 lb. 
„ lb. of refuse, 

actual '9161b. 

Water evaporated per lb. of refuse from 

and at 212° F. includuigeconomiser 1,191 lb. 
Water evaporated per square foot 

heating surf ace .... 281b. 

Temperature of feed-water at tank 59** F. 
Tenq>erature of feed -water from 

economiser .... 239° F. 

Av^age steam preeaure . . 135 lb. 

AvOTage air pressure . . . 21 in. 
Temperature of combustion chamber 

by copper test .... 2,000° F. 
Temperature in main flue before 

economiser ' . - ■ 622° F. 
Temperature in main flue aft«r 

economiser .... 356° F. 

Average chimney pull . . . | in. 

It rained heavily on three consecutive days inunediately preceding the 
test, aod the quahty of the refuse was exceedingly bad. 
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Folkestone Municipal Corporation — PoPtJLATioN, 30,690. 
The Corporation have lately decided to erect a Destructcn' of 
the Horsfall back ahovel fed type at a total estimated cost of 
£14,000. 



Gabston (City of Livbbpool) — Population, 18,710. 

E. W. 

A 1001. 

B ..... . Meldrum front hand fed. 

C . . . . .3 ffAten. 

D 1 Babcock & Wilcox. 

E — 

F Steam jet bloweTB. 

G ..... . Electric traction. 

H . .25 tons. 
I 

The power is fully utilized for electric traction, and although 
no official returns are available, it is stated that the power pro- 
duction is highly satisfactory. 

Two Lancashire boilers for coal firing alone are installed in a 
separate boiler house. The power equipment of the electricity 
works is as follows: — Two Browett Lindley engines, total H.P. 140, 
direct coupled to two Siemens shunt wound dynamos, total 
capacity 87 K. W., also a storage battery of 232 W.P.S. cells, having 
a total capacity of 400 ampere hours. 

Glodcbster Municipal Corporation — Population, 47,955-. 

E. W. 



2 Babcock A, Wilcox. 

Fan 

Electric lighting. 

25 tons. 
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The supplementary coal fired boiler plant comprises four 
Lancashire boilers, each 30 feet long, and 8 feet in diameter, 
with a Green's Economiser. Sufficient steam is provided by the 
Destructor boilers to charge the batteries which light the city 
during the night. 

The power equipment of the station ia as follows : — One 250 
H.P. BeDifi engine, and one 600 H.P. engine of the same make, 
also one Willans engine of similar capacity. Four 150 K.W. 
Silvertown dynamos, and two 75 K,W. Mather and Piatt 
dynamos. The storage cells number 280 of the E.P.S. type. 

GospOET Urban District Council — Population, 28,887. 

S.W. 

The Council have just decided to erect a two-cell Destructor of 
the Horsfall type, at the new sewage works, in front of two 
existing boUers of the Lancashire type. The estimated cost of 
the Destructor installation is given as £1, 100. 

Gorton Urban District Council — Population, 28,000. 

S.W. 

It has recently been decided to erect a Destructor of the 
Horsfall type at the Council's sewage outfall works, at an 
estimated cost of £8,816. 



Grantham Municipal Cobporation — Population, 17,5£ 

A 1903. 

B Fryer's improved top fed. 

C 2. 

D - .1 Lancashire. 

E 80 feet. 

F . Steam jet blowers. 

Q . Forced draught and diainfector. 



^ These norks are now in course of erection. 
245 
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Gbays Urban District Council — Population, 15,834. 

E. W. 

A 1901. 

B ..... . Meldrum front hand fed. 

C a grates. 



StcUouJ Elavatlao. 



Fio. 05. Gbays CouBrNEo Destructor and ELBcrwcmr Woi 



1 Lancanhire, 30 ft. x 7 ft. 

lOOfeot. 

8t*'ani jet btowera. 

Electric lighting. 

lOd. 
33. 
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Two BUpplementaiy coal fired boilera are installed in a separ- 
ate boiler house. The power equipment of the station comprises 
the following : — Two Reavell engines, total H.P,, 300, direct 
coupled to two British Schuckert tour-pole dynamos of a total 
capacity of 200 K.W. Also 260 D.P. cells having a total capa- 
city of 350 ampere hours. 

Some details of the official teat of the Destructor are here given. 



Pio. flC. Grays Coubihep Destbcctok akd Electricttv Works. 

SmUodoI Elevatton. 

Test of Meldrums Patent "Simplex" Rrfuse Destrfctok 

AT THE Council's Electricity Works, 

Qrays Thurbock, Essex. 

E. D. Long, Esq., A.I.E.E., Engineer. 

Date of test January 23, 1902. 

Duration of test (starting from cooled 

furnace) ...... 7 hours. 

Orato area 50 square feet. 

Boiler, I.ancaalure, 20 ft. x 7 ft., heating 

surface ...... 600 square feet. 

Economiser, 128 tubes. Iicating surface . 1,408 square feet. 
Refuse delivered (including pots, tins, etc., 

not deducted from total) . 26,684 lb. 

Refuse consumed per hour . . . 3,8121b. 

Refuse consumed per square foot grate per 

hour 761 lb. 
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Total water evaporated .... 27,1001b. 
„ „ per lioiir 3,871^ lb. 



n 

S 



V\ aler evaporated per lb. of refuse (actiml) 1 01 lb. 
24S 
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Water evaporated per ib, o£ refuse from and 

at 212° F. 1-22 Ib, 






'I'Mnperature of water entering economiser 50° F. 
„ „ leaving economiacrr, 
average 299° F. 
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Average staain preeaure, per square inch . 144 lb. ■ 
Total heat units in steam generated . 4.544,554. 

Heat units from economiser . . . 967,750. 




Percentage of total lieat from e 

Board of Trade units generated during last 

4J llOUTH ...... 
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Board of Trade unite generated per ton of 

refuse, besides blowing off . . 36-5. 

Board of Trade units generated during 3 

hours, steam blowing off . . 216. 

Board of Trade units generated per ton of 

refuse during 3 hours . . , 42-4, 

The general turangement of thia small Destructor inatallatioii 
will be clearly followed by referring to Figs. 64 to 69. 

Gravesekd Municipal Cobpobation — Population, 27,196. 

E. W. 

A 1903. 

B Sterling top fed. 

C 4. 

D 1 Babcock & Wilcox. 

V. 125 feet. 

F Fan. 

G ., Electric lighting. 



Three supplementary coal fired boilers are provided, and the 
power equipment of the station is as follows : — Three Alley and 
Maclellan engines direct coupled to three Lancashire dynamos, 
the total capacity being 600 K.W., also a 50K.W. motor generator 
set by the Lancashire Dynamo Co., balancers and boosters. 

A storage battery of Verity Cells is provided, having a total 
capacity of 630 ampdre hours. 

Great Grimsby Municipal Cobpobation — Population, 63,318. 



4. 

1 Babcock & Wilcox. 

180 foGt. 

Steam jot blowers. 

Clinker crusher, mortar mill and electric lighting, 

.10 tons. 
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Great YAaMonrn MuinciPAi Corporation — 
Population, 61,250. 



1902. 

Fryer's improved top fed. 

10. 

1 Multitubular, 60 H.P. 

204 feet. 

Natural draught only. 



The total cost of this installation was £14,000, although tbe 
estimated cost was £5,000 less than this 6gure. Very Berioos 
difficulties with the foundations explain the serious ezcesB on the 
estimat«. 

Handsworth Urban District Cocncil — Population, 62,^1. 



1901. 

Warner top fed. 



D 2 Multitubular. 

E 200 feet. 

F ....... . Sturtevant fans. 

G . Fan engine only. 

H 60 tons, 

I lOJd. 

Hanley Municipal Corporation— Population, 61,699. 
1902. 

Korsfall top fed. 
8. 

2 Lancashire, each 30 ft. x 8 ft. 
120 feet. 

Steam jet blower. 

Not used at present, but it ia intended to supply 
Bteam to the electricity works. 



Hartlepool Municipal Corporation — Population, 22,737, 



B Warner top fed. 
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D 3 Multitubular. 

E 150 feet. 

F . Fan. 

G . . - . . . Fao engine only. 

H 20 touB. 

I lid. 

The total cost of the installation (exclusive of the cost of the 
site) was £5,100 ; of this sum £2,692 was expended upon the build- 
ings, inclined roadways and chimney. 

Fig. 70 shows an accumulation of refuse on top of the cells, from 
whence it is charged through the hopper into the cell as required. 



Hashnos Municipal Cobporation — Population, 65,528. 
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F . . . Fan. 

G , ' . Pumping salt water, and also for Disiiif ectco'. 

H . .36 tons. 

I . .Is. 6jd. 

HECKMOSDWIKE UilBAK DISTRICT ConUCIL — POPULATION, ll.OOC', 

Two Installations. 

I. 2. 

A 18S3. 1000. 

li . - Fryt^top k-d. Horefal] back liand fed. 

V ■ a. 2. 

D 1 Multitubular 1 Babuock & Wilooi. 

E . . — 105 feet. 

" F . I SU'oin jet blower. Strain jet blower. 

G . — Works purposes only. 

H . — 11 tons. 

I . . — U. 

Hereford Mumicipal Corporation — Popitlation, 21,328. 

S.W. 

1807. 

Meldrum front hand fed. 

2 Galloway, each 22 ft. x 6 ft. 6 in. 
45 feet. 

Steam jet blowers. 
Sewage pumping, etc. 
10 tons. 
I . , . . Od. 

This installation has been remarkably successful, and it 
possesses several interesting features. It is one of the few w<»-k3 
where Destructor cells have been adapted to existing boilers pre- 
viously fired with coal. The same chimney is also used, and being 
only 45 feet in height and 2' 3" internal diameter, is probably 
the smallest Destructor chimney in this oouatry. 

The works are situated in close proximity to excellent resi- 
dential property. The cost of the Destructor has been long since 
recouped by the saving of the coal bill. 

The total weight of refuse produced in Hereford is about 25 
tons, and it la interesting to note that 10 tons only, collected as 
^ Added in 1603. 
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close aa poesible to the works, suffices to provide the whole of the 
power required at the sewage works. 

Complete details of the official tests are here given : — 



Date of teat . ... 

Duration o( t«BC . 

Kind of fuel buroeil 

Total weight of fuel burnod 
Woight burned per hour 
Woiglit burned per sq. ft. ul 

RTate area per hour 
Total weight uf clinker and 
I'eroontage of clinker and u 
Percentage of moietura . 
Total water evaporated . 
Water evaporated per houi 
Water evaporated per lb- 
refuse, ootual . 
Water evaporated pet lb. 
refuue from and at 212' 
Tompereture of food-watflr 
Average eteam proeeuro . 
Average ateain preitiure 

Average air prewure under 

gratwi by wator gauge 
Chimney pull, by water gauRe 



,ving d 



Percentoge of carbonic ucii 

(CO,) by Ucononieter 
Percentage of carbonic aciil 

Or«at app. 
Percentage of free oxygon (O) 

Onat app. 
Percentage of carbonic oxide 

(CO), Oinat app. . 



Area of grate 3fl equare feei 



Unaoreened 

aahpit refUHe. 

l0,TSg lb. 



) GH „ 
70 111, 
fl4 37 „ 

I'4S in. 
I ,. 
Over 2,000-' t 
25 Readings, 



DurinE above tett 
the Jludae prfM.« 
■od lluiliia plitDt 
worked th« whole 
lime. BoUi hw^i' 

?''o'c"ck to 10.su ; 
after that one 
pump only- Atceoi 



May G, 1 



I May e. ISBH 

! 10 hourH(7a.m. 

) to p.in.) 

Unfloroened 

aehpil refuse. 

19, 718 lb. 



702 lb. 
04 55 .. 



Ovpr 2,(l(»0- : 
3tt Koading^, 



ind linilns P>aut 



rt"^ 



7002 lb. 
05 21 „ 



71612° F- 
,. lfl-27% 



>nd Uoiing pl*nt 
■nirkeil thi' whole 
llmoollnit. Two 

r o'cfcMTk to Il-TO ; 

ih'e nniiindiT ot 
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The clinker is utilized on the bacteria beds ; this is one of the 
very few works of the kind where the gases of combustion are 
being constantly analysed. 

Heywood Municipal Coepobation — Population, 25,461. 

S. W^. 



1 I>ancoahire, 20 ft. > 
90 feet. ■ 

Steam jet blowers. 
Sewage pumping. 
25 tons. 



Holyhead Muhicipal C!orpobation — Population, 10,079. 

E. W. 

A , . . — 

B , . . , . . Meldrum front hand fed. 

C 2. 

D 1 Babcock & Wilcox. 

E 120 feet. 

F ..... . Steam jet blowere. 

G . ... . Electric lighting. 

H 10 tona. 

1 ~ 

This installation is not likely to be completed until early 
in 1904. 

HOBBURY UeBAN DisTBICT COUNCIL — POPULATION, 6,736. 

s. w. 



2. 

2 Comisli. 

50 feet. 

Steam jet blowera. 

Sewage pumping. 

Works now in course of erection. 
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HoKNSEY Municipal Corporation — PoruLATioN, 77,938, 

1880, 1893 and 1S95. 
Warner top ted. 



1 Multitubular. 

217 feet. 



The cost of thin in»tallation is given as £9,628, but this is 
exclusive of the cost of the forced draught apparatus which was 
added about two years since, mainly owing to difficulties experi- 
enced in dealing with trade refuse. 

During the year 1902, a total of 20,648 tons of refuse was 
passed through the Destructor, this weight being made up aa 
follows : — 

H()ii,>«.' n-fiiiRi 20.37i tons. 

Vfgi'table rcfuHii 230 „ 

FJHli olTal 44 „ 



It is interesting to note that the quantity of refuse disposed of 
at tliese works seven years ago was only 1 0,092 tons per annum. 

In addition to a clinker crusher and mortar mill, a Musket 
Flag plant has also been installed, and a considerable portion of 
the clinker is utilized. 

HUDDEESFIELD MUNICIPAL CORPORATION — POPULATION, 95,047. 

Two Installations. 
I. 2. S. W. 

A . 180I-»2. I8tt8. 

B . J-Yjcr top fed. Horafall back liftnd ted. 

C . 10. 2. 

2 Comisli, each 22 ft. x 5 tt. 

Steam jet blowers, 

lice forced draught was added 
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Works [iur))utH». 

50 tons. 
lOid. 



Sewage piuiipiiig and si 

preening. 
20 toils. 



Hull Municipal C!obpobation — Population, 240,739. 
Two Installations. 



1902. 
Horafall top fed. 



Steam jet blowers.' 
Works purposes 

only. 
45 tone. 
U. 3d. 



12. 

2 Babcock & Wilcox. 

no ft. x7ft ain.. internal 

diameter. 
Steam jet blowers. 
Forced draught, hoidi; and 

works lighting. 
90 tons. 



HUHSTANTON UbBAN DISTRICT COUNCIL — PoPULATIOW, 1,893. 

WW. 

A 1899. 

B ..... . Meldrum froat hand fed. 

C 2 grates. 

D 1 Comiali. 

E 50 feet. 

F ..... . Steam jet blowers. 

G ..... . Water pumping. 

H 3i tons. 

I U. 

■ The installation is of much interest, not only because it is the 
smallest Destructor yet installed in this country, but owing to the 
fact that from the combustion of some 3J tons of refuse daily- 
sufficient steam is produced to operate a modem water pumping 
plant. 

The Destructor installation is very complete, comprising a two 
grate unit Destructor erected in front of a high pressure Cornish 
boiler, with which a Scliwoerer Superheater is provided, and also 

1 Added in 1896. 
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a Meldnim regenerator for heating the air aupply for combustion. 
The whole plant with its combination for power production 
affords a remarkable object lesson to small seaside and health 
resorts, 

Hyde Muhicipal Corporation — Popolation, 32,766. 

S. W. 
Two Installations. 



D . .1 Multitubular. 

K . . 180 feet. Sante chimney. 

F , . Meldrum'a ateam jet Steam jet blowers, 

blowers to 1 cell.' 

G . . Mortar Mills, «tc Sewage pumping. 

H . ,24 tona. 30 tons. 

I . . U. 2d. — 

Installation No. 2 will displace No. 1, and the power will be 
fully utilized for sewage pumping. 

Ipswich Municipal Corporation — Population, 66,630. 

E.W. 

A 1903. 

B ..... . Meldruni front hand fed. 

C 4 grateH. 

D 1 Lanc8shire,30 ft. x 8 ft, 

E 175 feet. 

F . . . , . . St«aiii jet blowers, 

G ..... , F,le<;tric lighting and traction. 

H 40 torn. 



■ The Destructor installation is part of a very comprehensive 
scheme just now approaching completion, Professor Kennedy 
being the consulting engineer. 

The whole of the available steam from the Destructor boiler 



• Added in 1900. 

I Works not yet in operation. 
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D 1 Babcock &. WUcox. 

E 150 feet. 

F Fan. 

G . . . Works purposes only. 

H 30 tons. 



The cost of the Destructor and boiler was £3,050, this being 
exclusive of the cost of the foundations, buildings and chimney, 
the total estimated cost being £8,370. 

The direct charging arrangement for tipping direct from the 
carts is Marten's patent, made by Messrs. Meldrum Bros., Ltd. 
The same system of charging has been in use at the Tooting 
Destructor (Metropolitan Borough of Wandsworth) for three 
years past with very satisfactory results. 



Lancaster Mumicipal Corporation — Popttlation, 40,329. 

E.W. 

A 1901. 

B . . Meldrum front hand fed. 

C 8 grates. 

D 2 Lancashire, each 30 ft. x 8 ft. 

E — 

F . Steam jet blowers. 

G . Electric traction. 

H 30 tons. 

I la. 4d. 



In addition to the Destructor boilers, three supplementary 
coal fired boilers are provided, these being also of the Lancashire 
type, 30 feet long and 8 feet in diameter. Green's Economisers 
are also installed, as also with the Destructor boilers. 

The power plant comprises : — Four WiUans engines direct 
coupled to four dynamos, the total capacity being 420 K.W. 
One 200 K.W. Westinghouse set, and 120 Epstein cells. 

Details of the official test of this Destructor are here given, 



* Works not yet in operation. 
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Lancaster Corpoeation Destructor. 
Result op Test. 

Date of t«^t February 7. I902. 

Duration o( test .12 hours 26 inin. 

Number of cells .4. 

Grat*' area 

Typo and size ot boiler 



) Electkicity Woi 



Refuse consumed (total) . . .33 tons 9 cwt. 1 qr. 

Refuse consumed in pounds . . 74,929 lb. 

Water evaporated, total (actual). . 9,938 gallons. 

,, per hour (actual) 799 gallons. 

per lb. otrefuae 
(actual) . 1-33 lb... 

., „ per hour from and 

at 212= F 982gaUon9. 

Water evaporated per lb. ot refuse from 

and at 212° F. .... 103 lb. 
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Average steam preaaure . . . 164 lb. 

„ temperature of feed-water iOB" F. 

Weight of clinker .... 25,408 lb. 
Percentage of clinker . .34 per cent. 

Average percentage of carbon dioxide 

in flue gases .... Ifi-S per cent. 
Temperature of combustion chamber . Over 2,000° F.,aB copper 
could always be melted. 
Maximum temperature of nombnntion 

chamber ..... Unknown : melted nickel 
2.650° F. 
Average temperature of gaeee leaving 

boiler BBS" F. 

temperature of gaflen leaving 
econoraiaer .... 520° F. 

Average temperature of heated air from 

Regenerator .... 478° F. 



Fig. 71 is a view on top of the cells at Lancaster during 
course of erection. This view should be of interest to the student, 
clearly showing as it does the prominence of steam boilers in con- 
nection with the modern Destructor. 



Leamington Mitnicipal Corporation — Population, 26,888. 

S.W. 

A 1903. 

B . . . , . Horsfali back hand fed. 

r fl. 

D 2 Lancashire, each 30 ft. x 7 ft. fl in. 

E . . 90 ft. X S ft. internal diameter. 
F . Steam jet blowers. 

G . Sewage pumping. 

H 25 tons. 



The sewage is pumped to the sewage farm a mile and a half 
distant, the lift being from 80 to 120 feet. The chimney was 
previously used for coal fired boilers. 
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Leeds Municipal Coepohation — Population, 428,968. 
Four Installations. 





No. 1 


No. 2 


N". 3 


No.* 




Burmantofts 


Arniley Head 


Kidaero St. 


Mean wood Hd. 


A . . 


1876. 1883 & 

1887 


1877, 1884 & 
188(! 


ISfll* 18il4 


1805 


B . . 


Frypr top fpd 


Fo-<T 


Horsfall 


HowfBll 






top U'il 


t<)p fed 


top fed 


C . . 


14 


12 


IB 


8 


D . . 


1 Babcock & 
Wilcox 


1 Multitubular 


2 Multitubular 


2 Babeock & 
Wilcox 


E . . 


120 feet 


120 feet 


144 feet 


240 feet 


F . . 


Steam jet 


Steam jet 


Steam jet. 


Steam jot 




blowcra,* 


hlowerw.-f 


blowers. 


hloWPFK. 


. . 


Foreixi 


draught 


and 


Worka 


H. . 
I . . 




purposes 


only. 




lOJd. 


lOK 


lOid. 


lO^d. 



> Road) Destbuctob, 
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As will be observed, Leeds is very well provided for, having a 
total number of fifty cells,nearly half of which are of modern design, 
while the remainder are equipped with forced draught. The total 
coat of the various installations is given as £48,525, including the 
cost of the sites. 

Fig. 72 is an external view of the more recently erected plant 
(No. 4) at Meanwood Road. 

Leicester Municipal Corporation — Population, 211,581. 
Four Installations. 





No 1 


N,,.. 


So. 3 


No. 4 




Needham 






Wwt 




Stref<t 


MillLann 


Lero 




A . . 


1890 


1893 


1894 


1902 


B . . 


Fryer 


Borough Sur- 


Borough Sur- 


Fryer's im- 




■ top ted 


veyor's design. 


veyor's design, 


proved Boul- 






top fed 


top fed 


nois, Wood & 

Brodie's, top 

fed 


C . . 


6 


6 


6 


6 


D. . 


3 Multitubular 


1 Multitubular 


I Multitubular 


3 Babcock & 
Wilcox 


E . . 


160f(>et . 


180 feet 


180 feet 


180 feet 


F . . 


Fan 


Fan 


Fan 


Fan 


G . . 


Supplied to an 


Clinker erusher. 


Works 


Works 




adjoining en- 


mortar mill 


purposes 


purposes 




gineering 


and works 








workB 


lighting 






H. . 


45 tons 


4.5 tons 


45 tons 


— 


I . . 


did. 


8irf. 


Sid. 


— 



The estimated cost per cell of the first three installations is given 
as follows : 



No. 1. Needham street £l,linperei 
No. 2. Mill I^ne . £1.345 „ , 

No. 3. Iavo . £1.475 „ , 



Including buildings, 

chimney and 

machinery. 



Some particulars of the refuse disposed of at the above tliree 
works during the year 1902 will doubtless be of interest. 
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Home Retnse 



No. I. Ncedham 8trM>t . | 12,266 
No. 2 MiU LaiM> . . 13.878 

No. 3. Jjero . . . 12,034 




No. 4 Installation, known as West Humberstone destnictor, 
will andoabtedly prove to be a distant advance on those previously 
erected. The estimated total cost of this plant is given as £6,755 

In thus BO completely equipping this important town with 
destructors, an excellent example has been set for the benefit of 
many large provincial towns. Mr. E. G. Mawbey, M.I.C.E., 
Leicester's eminent Borough Engineer and Surveyor, has done 
wisely in erecting four separate installations in different parts of 
80 lai^e a town, thus greatly expediting the collection and also 
keeping the collection cost within reasonable limits. 

At the various works, a number of mortar mills are installed 
and a considerable quantity of mortar is made which yields a 
fair profit. At the West Humberstone Works, a fiag plant has 
been provided, 

Lbiqh Municipai, Corporation — Population, 40,001. 
The Council have recently decided to instal a destructor of 
the " Horsfall " type, 

Levenhsulme Urban District Cottnctl — Population, 11,435. 
A two cell destructor of the " Heenan " type is now in hand 
for this Council, the estimated cost of the same being £4,600. 

Leyton Urban District Coitncil— Population, 98,999. 
S.W. 

A . . . 1898. 

B . Meldmm's " Beaman ft Deu " type, top ted. 
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2 Babcock & Wilcox.' 

150 feet. 

Fan. 

Rpwaoie pumping. 

Cn tons,* 

Is. 7rf. 



Liverpool MtmiciPAL Corporation — Poput^ation, 
Four Installations. 



Cliart<T's St. 

1801 & IR03. 

Frycr'H 

24. 
1 Multitubular 
lift. x8 ft. 

1 Stirling 

wat^T tube. 

170 feet. 

Mortar millH, 
plinkor iriislier, 
workH liffhting. 



Katiibone Kcl. , Toxtetli Park. . Cobb' b Quarry 

1803. I 189.'). I 1900. 

I-Vj-tV Fryer's I Fryer's 

top fed. improved improved 

top fed. j top fed. 



!80 feet. 
Workfi only. 



200 feet, 

Fann. 
Electric 



8Jrf. 



Under the control of Mr. J. A. Brodie, M.I.C.E., the destructor 
installations in Liverpool have been developed and possess a very 
satisfEictory record, more especially perhaps inst^lation No. 4, 
known as Cobb's Quarry. . 

Some 30 electric cars are operated daily by power prodoced 
from the refuse, and the sale of electrical energy to the Electricity 



> The Council havo recently decided to inst^al an additional boiler i 
coimection with the Deotructor at an estimated cost of £1,333. 
1 Refuse and pressed sludge. 
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Department yields a handsome return to the Cleansing Depart- 
ment, the price paid being '35d. per unit. 

Some details of an evaporative teat made with the deatmetor 
at Cobb's quarry are here given. 

St. Domingo Destructor, Li\'erpool. 

Tons. cw-t. qr. lb. 
Total refuse burnt in 8 colls in 24 hours . . 123 IB O O 

Note. — Twenty-tliree tons wero burnt in fi 
houm, bftween 12 midniglit and 6 a,m. The 
boilers were not in work during this period. 
The heat patifiod through tlio flues direet to 
tlie cliinincy 23 



Refuse burnt in 8 cells in 18 hours 100 Ifl 

„ „ 8 cells per hour . . . 5 II 

„ „ per cell per hour . 13 3 14 
„ „ per square foot of grate area per 

hour .... 62161b. 



Total quantity of water evaporated in 18 hours . 262,460 lb. 

„ „ „ „ per hour . 14,581 lb. 

„ „ „ ,, per lb. of 

refuse burnt ...... 1173 lb. 



(The output is restricted at present to the requirements of the Tramways 
Department.) 

No, 1 Engine 1.630 unitB. for tramways. 

No. 2 „ . 1.779 .. 

No. 3 „ 234 ., for public lightinR. 



3,6f 



A further destructor of the improved "Fryer" type ia now in 
course of erection at " Laverock Bank," tlie power from which 
will be fully utilized for electrical purposes. 

This installation, together with additional cells not included 
in the tabular statement, will comprise in all some 65 cells, so that 
Liverpool may claim to be well equipped for final and sanitary 
disposal of its refuse. 
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The clinker is fully utilized for a variety of purposes, a con- 
siderable quantity of mortar is made, as also some 300 paving 
flags daily, while some thousands of tons of clinker were used for 
concrete for the bridges and roads over St. George's Dock etc. 

In the future it is likely that considerable quantities of clinker 
will be used in the construction of artizans' dwellings. The experi- 
ments in this direction now being conducted by Mr. Brodie are 
referred to elsewhere. With the absorption of Garaton, pos- 
sessing its own destructor, Liverpool is, on the whole, splendidly 
equipped ; and it must be admitted that the progress which 
has been made, all tends to clearly show the weakness and ineffi- 
ciency of the whole system of sending the refuse out to sea. 



LivBRSEDOE Urban District Council — Population, 13,980. 
1900. 
HorHfall'H back haiid fed. 



1 llabcock & Wilcox. 

iM) tt. , 3 ft. 6 in. internal dianioUT. 

Strain jot bio were. 

Forced draught, and works purposes only. 



Llandudno Urban Dxstricl Council — Population, 9,310. 
E. W. 

I8i)8. 

Meldruni's " Ueamaii &. Deau " top fed. 
C . 
IJ . 



Klectriu lighting. 

In. Sid. 
32. 



In addition to the destructor boilers, 4 Babcock and Wilcox 
boilers are also provided for supplementary coal flring, also a 
Green's Economiser. 

The power equipment of the station is as follows : — 3 Bellis- 
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Silvertown two-pole under type dynamos, 1 AUen-Silvertown 
four-pole dynamo, 2 Allen-Crompton Multipolar machinee, 150 
k.w. each, total H.P. 1,100, also 250 Pritchett & Gold's cells of 
2S0 ampdre hours capacity. 

The total cost of the destructor was £6,032, of which sum £1,085 
has already been repaid. A few figures extracted from the state- 
ment for the third year of operations are of interest. 

Load factor SM^per cent. 

Fuel coat Qdd. pet unit. 

Works 136d „ „ 

Total .... .... 1 97(i. „ „ 

Net profit £679. 

It is also worthy of note that this combined works has paid 
from the first year of operation. 



LONOTON MONICIPAL CORPOHATION — POPULATION, 35,815. 

Two Installations. 



""•' 




Xo. 2 


.887. 




1895. 


Fryur's top fod 




Warner's top ted. 


4. 




2. 






1 Multitubular. 


150 feet. 




Same uliiinney used. 


— 




Fan. 


Works purposes 


only. 


Works purposes only. 






tons. 


lid 




IIA 



Loughborough Municipal Corporation — Population, 21,508. 

Two Installations. 

1. 2. S.W. 



B 



1903.1 

Fryer's top ted. 



' Now in course of erection. 
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1 Elepliaiit. 


1 Babcock &. WUcox. 


. 80 feet. 


Same chimney. 


. Fan. 


Fan. 


. Sewage pumping. 




. 20 tons. 




. U. 2d. 


— 



Lowestoft Municipal Coeporatioit — Population, 29,860. 



Horsfall'a b€kck hand fed. 

4. 

1 Babcock & Wilcox. 

120 ft. x6ft. 6 in. internal diameter. 

Steam jet blowers. 

8 H.P. engine foe mortar mill, and forced draught. , 

28 tons. 

Hid. 



The clinker sells freely at Sd. per load at the Works ; a portion 
is converted into mortar and sella freely at 5s. per load. 



Lytham Urban Disteict Council — Population, 7,185. 

1902. 

Meldrum's front liand fed. 

2 grates. 

1 Cornish, 20 ft. x 6 ft. in. 

50 ft. X 3 ft. 9 in. internal diameter. 

Steam jet blowers. 

Sewage pumping and works lighting. 

10 tons. 



An external view of the Lytham Works is shown in Fig. 73. 
The writer is indebted to Mr. A. J. Price, the Surveyor, tor this 
photograph. The whole of the steam 'power required at these 
works is obtained from refuse alone, the dry weather Aow of 
sewage being 800,000 gallons daily, this volume being lifted by 
Gwynne's centrifugal pumps. Power is also supplied for driving 
a 7-brake horse power Robey vertical high speed engine and 
dynamo for works lighting purposes, 6 arc lamps and 24.16 C.P. 
incandeacent lamps being provided. The whole combined scheme 
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was carried out well within the eatimate of £10,560, and reflects 
great credit upon Mr. A. J. Price, Surveyor to the Urban District 
Council. 



LyTHAM COMBIMED DEBTRUL^ 



Manchester Municipal Corporation— Population, 543,872. 
First in 1S76. witli iwveral extonsions since. 
Fryer's old tyjje, and Wliiley. 
> 14 and 28. 
15.* 

200 feet. 
See below." 
Mortar mills, works purposes, ecreening, etc. 



1 



erect a 2eell Mclilrum Dealructor at 



' It hah recently bein decided t 

the SewBpe Works. 

" Meldniin's torecd dranplit and pratea fitti'd (o tlie 12 oi 
* Tlio boilers an' mostly of tlio Galloway tyjie. and are i 

nection with the deBtmctors. Sorted refuse is burned 

furnaces. 
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It is interesting to note that the first destructor cells ever 
■ rected in this country were installed at the Water Street Depot 
>C Manchester Corporation. The first two cells are illustrated in 
fig. 1. 

For some years past an extensive system of sorting and utiliz- 
=btion has been employed in Manchester, the destructors and 
boilers therefore only deal with a proportion of the civic waste. 



E. W. 

Mansfield Municipal Corporation — Population, 21,445. 

1903. 

Heenan's back ted. 

6. 

D 2 Babcock & Wilcox, 

150 feet. 

Fan. 

Electric lighting. 

20 toiia. 



Three Lancashire boilers for supplementary coal firing are pro- 
vided in addition to the destructor boilers. The power equipment 
of the station comprises high speed triple expansion condensing 
engines direct coupled to compound multipolar generators. The 
station is laid out for a total capacity of 1,000 k.w. including a 
large storage battery. 



E.W. 

Mexborough Urban District Council — Population, 10,430. 

A 1902. 

B Meldruni'a front hand ted. 

C 3 grates. 

D 1 Lancaahire, 24ft.x7ft. 6in. 

E 120 teet. 

F . Steam jet blowers. 

G Electric lighting. 

H 20 tons. 

I lid. 



One supplementary coal fired boiler of the Lancashire type, ot 
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similar size to the destructor boiler, is provided, the working 
pressure of both boilers being 150 pounds, steam being supplied to 
the engines at 140 pounds pressure. 

The power equipment of the station is as follows : Two 
coupled sets capable of developing 60 k.w. at 440 to 480 volts at 
a speed of 550 revolutions per minute ; there is ^so a Balancer 
Booster consisting of four machinee coupled together. 

Adjoining the engine room is the accumulator room containing 
260 cells, having an output of 500 ampere hours at a 10 hour rate 
or 450 ampere hours at a 5 hour rate. 

The public lighting consists of 213 street lamps each containing 
2 16-C.P. lamps, and fitted with prism globes, also 15 enclosed 
arc lamps of 600 C.P. each. The public lighting replaces 139 gas 
lamps of lower caudle power, which formerly cost the Council 
£400 per annum. 

The total cost of the combined installation, including the site, 
was about £18,800. The total works cost per unit generated is 
given as l-98d. The Electricity Committee pay the Sanitary 
Committee Id. per unit generated, the latter paying the cost of 
stokers and coal, also the interest and depreciation on the 
destructor. 



E.W. 

MOBECAMBE MUNICIPAL CORPORATION — POPULATION, 11,798. 

im2. 

" St<;rliiig " top fed. 



4. 

1 LanvBuliire. 

lae feet. 

Fan. 

Kiectric lighting and mortar nulls. 

is. OJrf.' 



Moss Side Urban District Council — Population, 26,677. 



1902. 

Horafall's tup fwl. 



' Tliis figure ajtgilieii to tlku official tt-ut of 12 hours. 
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D . . .2 Babcoek & Wilcox. 

E . . . BO ft, X 5 ft. intornal. 

F . ■ . Strain jet blowers. 

G . . . Works purpoHeH, eliiiker crushurH, mortar iuUIb. 

U . . .20 tons. 





f 

a 




Thia is one of the best examples of this particular type of 
Destructor in this country, and it is to be regretted that the power 
cannot be fully utilized. 

The general arrangement of the plant will be seen by referring 
to Fig. 74. Only four cells are used at onetime. The total cost of 
the installation was £10,300. The mortar made sells freely at 
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is. 6d. per ton, and the clinker, rough and screened, at 6:/. and 3$. 
per ton respectively. 

A complete clinker crushing and screening plant is inst&lled. 
which absorbs about 25 H.P. during the day for drivit^;, while al 
night a 20 k.w. dynamo in in use for works lighting purposes, 
but these, together with the forced draught blowers, offer the only 
outlet at present for power utihzation. 



E. W. 



Nelson Municipal Corporation — Population, 32,816. 

1901). 

Meldrum'a front tiand fed. 

4 grates. 

1 Lancashire, 30 ft. x 8 ft. 

180 feet. 

Stoatn jet blowers. 

Electric traction. 

:iO tone. 

Is. 

40. 



Here the destructor was erected well in advance of the elec- 
tricity works, but a number of tests under varying conditions 
and over extended periods, carried out by the Health Superin- 
tendent, Mr. J. A. Priestley, quite satisfied the authorities that 
the combination would be advantageous. 

The writer is indebted to Mr. J. A. Priestley for the interesting 
charts and diagrams reproduced in Figs. 75, 76 and 77. 

One interesting feature introduced in connection with the 
destructor was the offal charging hopper and hearth, so arranged 
that this most objectionable refuse is readily charged without hand- 
ling, and is placed in such a position in the cell that the fumes 
as driven off must pass over 100 square feet of active fire before 
reaching the combustion chamber and boiler. This effective method 
of dealing with offal will be readily followed by referring to Fig. 78. 

Two 30" X 8' Lancashire boilers, for supplementary coal firing 
are provided in addition to the destructor boiler. The power 
equipment of the station is as follows : — 3 Willans' engines, of 300 
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H.P, each, and 3 Bruce Peebles dynamos each 200 k.w., also 240 
Tudor cells. 

Details of three evaporative tests are here given, and as thetir 
were made under entirely different conditions, they are worth 
careful study and comparison. 



Fio. 7)1. Nelson Combined Debtriktor ani> ELErmiriTv Works. 

Stcsin Prcuurs Recorder DliErxm. 

Test A. 
Result of Test made at Nelson Destructor, 20th 
December, 1900. 

Duration of test ....... 9^ hoim. 

Number of cells .4. 

Total grate area 100 Bq. ft, 

Boilpr, I.ancaahire, .10 ft. x8 ft. heating Hiirfftcc 986 Bq. ft. 

Befiisf' consumed — Tons. ewt. qr. 

UuRcreened aHlipit refnsie . 22 18 S 
Greens and light refuse .14 
Slaughter house ofTal 10 

24 3 3 
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Refuse other than ashes ...... 5 per cent. 

Refiue consumed, total 64,180 lb. 

per hour 5,703 lb. 

„ „ per square foot grate area per hour . 57 lb. 

Water evaporated 68580 lb 

per hour actual .... 7.220 lb, 

from and at 212° F. average 8,0.W lb. 

maximum 9,380 lb. 

„ per lb. of refuHFi, actual . l'26Blb. 

„ ., .. from and at 

212° F. . 1 5161b. 
„ per nq. ft. heating surface per 

hour from and at 212° F. 8-77 lb. 



Fio, 78. Nelson Combined Destructor and Electtbicity Woi 

View ol Cell >nd Onal-Chstgli« Happer. 



Average steam pressure .... 

Weight of clinker remaining 

Percentage of cUnker to refuse consumed . 
„ organic matter in clinker 

,. COj, average 

,. „ highest reading 

1, „ lowest reading, elinkering 

279 



1181b. 

11.473 lb. 

21 IS per cent. 



itizedbyGoOJ^Ie 



REFUSE BlSrOSAL AND POWER PRODUCTION 

Average tcmporaturo of teed water .... (13-4° F. 

„ „ combustion chamber, 17 readings 2,200° F. 

Migheet „ „ „ melting nickel 2,0M'' F. 

lowest „ „ „ thermophone 1,570° F, 

Average „ in side flues, 24 readings . 9S2° P. 

in main flue, 21 readings . 590° F. 

„ „ air ont^rinn regenerator B4° F. 

„ „ air leaving regenerator, 19 readings 340° F. 

„ eahpit pressure ...... IBS inches. 

„ vacuum in main fiue 1-53 in. 

„ „ in blower boxes .... -35 in, 

„ „ under regenerator, 10 a.ra. to 1,40 p.m. 1 375 in. 

1.40 to 7.30 p.m. -545 in. 

„ „ in downtake, 10 a.m. to 1.40 p.m. -STS in. 

1.40 to 7.30 p.m. -375 in. 

„ time taken to clinker one fire .5 min. 36 sets. 

„ „ between each clinkering .1 hr. 54 min. 

Number of times each fire chnkered .... Five. 
Damper full open to 1.40 p.m., area .... 10-2 sq. ft, 
„ partly closed after 1.40 p.m., area . . 6 sq. ft. 

Analysis of Clinker Residue 

Silica 40-6 per cent. 

Lime U-2 

Alumina 18-6 „ 

Ferric oxide 22-8 ,. 

Magnesia, manganese and alkalies . 6-9 „ 

1000 
Note, — Boiler was not clothed when this test was made. 

Test B. 

Result of Test at Nelson, 19th February to 16th Mabch, 
1901. 

Duration of t*st 473^ hours. 

Number of cells Four. 

Total grate area 100 sq. ft. 

Lancashire boiler, 30 ft. x 8 ft. lieatiiig surface . . 986 sq. ft. 

Refuse consumed ..,.,,. Tons cwt. qr. 

Unscreened ashpit refuse 571 12 I 

Light refuse 29 II 3 

Vegetable refuao 9 3 

FIhIi and slaughter house offal . 16 18 



I'ots, tins, etc., not burned 13 3 

Net amount consumed ..... 613 19 
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Tlofuse, othor tlion aslice .... 
„ coneumed, total .... 
„ „ per hour .... 

,, „ per nq. ft. gratA arc-a per hour 

Water evaporated ..... 
,, „ per hour, actual 

„ „ „ „ froTO and at 212" F. 

„ „ „ lb. of refuHn, actual . 

from and at 212° 

Average steam pressure .... 
Weight of clinker romiunjng 

„ fine ashes from under grates 

„ other refliduals .... 

PorcontaRe of clinker to refuse confiiinied 

other residuals 
COj, average 
„ highest reading 
„ lowest „ 
Average temperature of Feed-water 

„ ,. combustion chamber, 51 

Highest ,. „ „ 

Lowest „ „ „ 

Average „ in side flues, 45 readings 

Highest 

Lowest „ ,1 .. 

Average „ main flue, 43 readings 

Hi^fhest „ „ 

Lowest „ „ 

Average „ downtake, 54 

Highest „ „ 

I»wcat „ „ 

Average „ of heated air, 

ashpit pre4*sure, 43 readings 

nain flue, 39 readings . 
n blower boxes, 38 readings 
, under regenerator, 38 readings 

in air conduit, 34 readings . 



readings 



34 readings 



1.374,304 lb. 
2,902 lb. 
291b. 

2,125,980 lb. 
4,490 lb. 
S.379 lb. 
l'Ji4Qlb. 
i 8.^0 lb. 
120 lb. 
415.296 lb. 
46,020 lb. 
08,992 lb. 
30-20 per cent. 



. 510 

. 1310 , 

. 1560 , 

. 9-40 

. 59 8° F. 
ladings 1.959° F. 

. 2,462° F. 

. 925° F. 

. 664° F. 

. 825° F. 

. 52r>° F. 

. 410° F. 

. 530° F. 

. 320° F. 

. 1,070° F. 

. 1,350° F. 

. 700° F. 

. 243° F. 

. I 50 in. 

. I 30 in. 



Maximum daily evaporation during Uvt from and at 2 
Minimum ,. „ „ „ 

Ksinfall throughout test 

Pro|x)rtion of steam produced used by forced blast 
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Result of Test made at Nblsok Destbuctoe, 25th April., 

1901. 
Duration of test ....... 3 hours. 

Number of cells ..... 

Total grate area 

Lancaahire boiler, 30 ft. x 8 ft. heating surface 
Refuse consumed — 

Unscreened ashpit refuse 

Greens and light refune 

Fish offal 



100 aq. ft. 
086 sq. ft. 
Tons cwt. qr. 



Pots, tins, etc., not burned 
Net amount consiuned 



Refuse other than aahes .... 

„ consumed, total .... 

„ „ per hour 

„ „ per sq. ft. grate area per hoi 

Water evaporatwl ..... 

„ ,. per hour, actual . 

„ „ ,, from and at 212° F. avert^e 



Average steam pressure ...... 

Weight of clinker remaining ..... 

„ fine ashes from under grate 

Percentage of clinker to refuse consumed 

„ CO, average, 30 readings 

„ „ highest reading .... 

„ „ lowest reading, clinkering 

Average temperature of feed-water .... 
„ „ combustion chambn-, recorder 

Highest „ „ „ . . 

Lowest „ „ „ . . 

Average „ in downtake, 20 readiitga 
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4 per cent, 
54,824 lb. 
6,853 lb. 
68} lb. 
91,600 lb. 
ll,4S01b. 
13,442 lb. 
16,162 lb. 

1 67Jb. 

1-96 lb. 

2 35 lb. 

13 61b. 
1221b. 
15,932 lb. 
1,008 lb. 
2906 per cent. 
183 

1440 ,. 
19 80 „ 
4 80 
83° F. 
2,227° P. 
2,693' F. 
1,666° F. 
1,306° F. 
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Average 
Higheet 
Lrfiweet 
Avsragp 
Hif(hest 

Average 



n side fluee, 2S readings 



pressHre 

vacuum in main fino 
„ in blower boxes 
„ in air conduit . 
„ Tinder regenerator 

time taken to clinker one fire 
„ between each clinkering 
Number of times each fire clinkered 
Damper full open, area 



in main flue, 29 readings 

„ „ at commeneement 

air entering regenerator 

air leaving .. 20 readings 

aslipitf 



1,150° F. 
562° F. 
606° F. 
770° F. 
500° P. 
S2°F. 
3fl4° F. 
2Jin. 
1 78 in. 
Jin. 



2 hm. 7 mi 
Three. 

10 2 «q. ft. 



Teats B and C are, so far as the writer is aware, record tests, 
the former being of one month's duration, under easy conditions, 
while the latter being under forced conditions over s short period 
clearly demonstrates the remarkable elasticity of the plant, as also 
putting on record a remarkable duty for a Lancashire boiler 
fired with destructor gases. 



Nkwcastle-on-Tyne Municipal Corporation — Population, 

215,.t28. 

Two Installations. 



1891. 

Warner's top fed. 



1. 

issn. 

Fryer's top fed. 

6. 6. 

None. None. 

l.W feet. Same chimney, 

Natival draught only. — 

No power available. 

8-l(W. 



The approximate cost per cell is given at £600. During the 
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year 1902 a total of 29,536 tons of refuse was dealt with. Thk l 
one of the few remaining low temperature installations in tbr 
country, and is of course of insufficient capacity for dealing »ir- 
the total amount of refuse now produced. 



S.W. 

Newmakket Urban District Council — Population, 10,^'-. 

Fryer's improved top fed. 

2. 

1 Babcock & Wilpox. 

150 feet. 

Fan. 

Sewage piunpinii. 

lid. 



One supplementary boiler of the Cornish type ia installed, f< 
coal firing, as may be found necessary. The clinker is used ft 
road foundation work. 



E.W. 

Northampton Musicipal Corporation — Population, 87,021. 

A IflOS. 

B ...... - Heenan'e back fod. 

C 8. 

D ....... 2 Lancashire. 

E 120 feet. 

F Fan. 

...... . Electric traction. 

H 80 tons. 

I — 



It 18 proposed to fully utilize the available power for generating 
electricity for traction purposes, but some few months must yet 
elap-sc before this part of the scheme will be complete. The cost of 
the destructor was £14,150. It is proposed to instal a flag plant 
for partial utiliz.ation of the clinker. 

Fig. 79 is a cross section through the boiler, cells and flues ; the 
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liimney, originally arranged to be either 80 or 100 feetioheiglit, 
vas increased in height to 120 feet. 




N CoMlllNBn Dehtbuctor a 



Norwich Municipal Cobporation— Population, 111,728. 

180H and 1903. 

Homf oil's top fod. 

4. 

2 Babcock & Wiloor 

100 ti'i't. 

Stoam jet blowers. 
Spwago pumpinf;. 
30 tons. 
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Nottingham Municipal Corporation — Population, 239.7; 

Three ' Instaxutions. 



j 1882. 

I Fryer's top fed. 

I I Multitubular. 

I 160 twt. 

J Steam jet blowers,' 



1902. 
Fryer's improved. 



1903. 

Fryer 'a inaproved 

12. 



Fans. 
Electricity. 



Nuneaton Urban District Council — Population, I5,24fi. 
1901. 

Mpldruni'e front hand fed. 
3 grates. 
2 Cornish. 
70 foet. 

Steam ji-t blowers. 
Suwage pumping. 
15 tons. 
lOd. 



The destructor cells were adapted to two existing Cornisli 
boilers, which were previously fired with coal for many years ; the 
old chimney is also utilized. The refuse available is found suffi- 
cient to provide the whole of the power required for pumping the 
sewage, and no coal whatever is used. The clinker is partialh- 
used for mortar making. 

' It hati n-cently btvn df-cided to erect b fourth Destructor. 
' Added in 1893. 
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E.W. 

Oldham Municipal Corporation — Population, 137,238. 
Three Installations. 





No. I 


No. 8 


No. 3 




RhodeaBank. 


HoUinwood. 


Dimbar Street. 


A . 


1891 and 1894. 


IBOI. 


1901. 


B . 


HorsfaU's back 


HorsfaU's back 


HorsfaU's back 




hand ted. 


liand fed. 


hand ted. 


C . 


10. 


8. 


a. 


D . 






2 Lancashire, each 




30 ft. X 8 ft. 


30 ft. X 8 ft. 


30 ft. X 8 ft. 


E . 


120 teet. 


180 feet. 


180 feet. 


F . 


Steam jet blowers. 


Steam jet blowers. 


Steam jet blowers. 


G . 


Worka purpoBes 4; 


Clinker erushera & 


PubUc baths & 




electric lighting. 


mortar mills. 


washhouses. 


H . 


Total 


120 tona per 


day. 


I . 


9ld. 


~ 





Installation No. 1 is of special interest as being the first de- 
structor in this country, combined with an electricity works ; it is 
also noteworthy as the first Horsfall destructor erected, and it is 
largely owing to the experience gained with this installation that 
the present Horsfall standard has been evolved. 

Although 6 cells were erected in 1891, on this site, known as 
Rhodes Btmk, it was some three years later when steam was first 
supplied for the generation of electricity, and this date marks the 
initiation of a combination which, although yet in its infancy, has 
made remarkable strides. 

In cotmection with the two destructor boilers, a 96-pipe 
Green's Economiser is installed, the supplementary coal fired 
boilers being 8 in number, also of the Lancashire type, with which 
a Green's Economiser is also included. 

The power equipment of the station comprises — 10 Willans 
engines, total H.P. 2160, 1 Parson's turbine, 400 H.P., and 11 bi- 
polar dynamos, of a total capacity of 1582 k.w. 

A few figures taken from the returns for the eighth year of 
operation { 1 902) are of interest — 
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Load factor 1202 p«- wnt. 

Fuel cost ....... "l per unit. 

Works „ 1 33 „ ,. 

Total ,. I 75 „ „ 

Net profit £807. 



At installation No. 2 (Hollinwood) a very complete plant is 
provided for clinker utilization, comprising clinker crushing and 
mixing machinery, and one of Messrs. Fielding and Piatt's latest 
three-mould type hydraulic flc^ presses. 

Padiham Urban District Council — Population, I2,005. 



1 Lancashire, 28 ft. x7ft. 

125 ft. X 4 ft. 6 in., iDt«m&l. 

Steam jet blowers. 

Forced drauglit and works purposes only, 

' 2*. lOrf. 



E.W. 

Pontypridd Urban District Counctl — Population, 32,319. 
A Destructor of the " Heenan " type is now in hand for this 
Council ; it is likely that the power will be utilized for electrical . 
purposes. The estimated cost of the inatallation is given as 
£12,062. 

Plymouth Municipal Corporation — Population, 107,609. 

A 1901. 

B ■■■■■- - Warner's top fed. 

C 12. 

D « Multitubular. 

E 160 feet, 

F FanB. 

G — 

H 100 tons. 

> This higli figure is attributed to tlie iutermittent operation of the 
DpBtnictcT. 
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Preston Miinicipal Corpobatios — Population, 112,989. 
Three Instauations. 





Mwr. 


N'o. 2 

Marsh. 


No. 3 B.W. 


A . 


1S80. 


1892. 


1903.> 


B . 


Fryers top fed 
single row. 


I-'ryy's top fed, 
bai^k to back. 


Meldrum'a front 
hand fed. 


C . 
D . 


8. 


20. 
1 Multitubular. 


16 grates. 
4 I^noaahire, each 


E . 


180 f«et. 


230 feet. 


30 ft. by 8 ft. 


K . 


Natural drauglit. 


— 


Ijteaiu jet blowent. 


G . 
H . 
I . 


Total 
U. OK 


108 toiiM. 

Uid. 


Eletitriu traction. 

80 tons. 


s.w. 




Radcliffb Urban District CoxfuciL — Population, 25,368. 


A 


. 1902. 


B 




Meldnuii's baek hand fed. 



D 




3 grates. 

1 Lanuosliiru, 24 ft. x 7 ft. 6 in. 


E 




150 ftiC't. 


K 




Ht<!ani jot bio wore. 


G 

; H 




Sewage ])uiiiping, opM'ating sludge prwsaure, etc 
20 tons. 


I . 




lOd. 







Ramsoatb Municipal CoRPOEATfON — Population, 27,6 



4. 

2 Uabcock rJc Wileox. 

120 ft. x5ft., internal. 

Stoain jet blowers. 

Forced draught and works purposes only. 

20 tuna. 



' This installation will not bo uuuipleted imtil late in 1904. It is the 
largest destructor Installation in the world, providing power for electrical 
purposes. 
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REFUSE DISPOSAL AND POWER PRODUCTION 

Rawtbnstaix. Muhicipal Corporation — Population, 31,053. 

A 1902. 

B ...... . Heenan'i) back fed. 

C 2. 

D I water tube. 

E — 

F Fan. 

G ...... . Works purpoeefi only. 

H 'i» toiu. 



E.W. 

Rhyl Urban District Council — Population, 8,473. 

A 1902. 

B ...... Fryer's iiDproved top fod. 

C 4. 

D 2 Bftbeock & Wilcox. 

K 120 feet. 

F Fan. 

G ...... Electric lighting. 

H lOtoiw. 

I U. id. 



Two targe Babcock and Wilcox boilers are also provided for 
supplementary coal firing. The power equipment of the station 
is as follows : 3 Compound single-acting three-crank engines, 
coupled direct to shunt wound multipolar dynamos, the engines 
being of Messrs. Alley & Maclellan's make, and the dynamos vt 
the Lancashire Dynamos Company's make. The generating sets 
have an output of 166 k.w. at a speed of 38U revolutions per 
minute ; a Uart'a accumulator battery of 274 cells is also provided. 



Rochdale Municipal Coepoeation — Population,' 83,114. 

A 1894. 

B . Meldnitn'H front hand fed. 

C . .4 grates. 

D 2 Lancaoliire, 30 ft. x 8 ft, 

E aCOfeet. 

F Stioam jet blowers. 
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G Works puriK)8es. About 120 H.P. 

H 40 tona. 

1 7Jd- 

Special interest attaches to this installation, firstly because it 
was the first Meldnim destructor erected, and secondly because 
here high pressure steam was first produced from refuse. As 
observed in another chapter, up to this time (1894) it had been 
ui^ed that a steam pressure of 60 pounds to the square inch was 
the highest steam pressure obtainable with refuse as fuel. What 
Mr. Brookman was able to show at Rochdale nine years since has 
had far-reaching effects ; in fact it is but fair to say that the 
demonstration at Rochdale initiated the modern combined plant, 
because the previously attained low steam pressure was alike 
useless for electrical purposes, or even modern sewage works. 

Mr. Brookman, Rochdale's well-known Cleansing Superintend- 
ent and one of the highest authorities on refuse destructors 
living, has done not a little to popularize final and sanitary dis- 
posal. His work has always been of such a thorough and pains- 
taking character, that it has contributed in no small measure to 
our British pre-eminence in this class of work. 

Some details of three tests at Rochdale are here given, and they 
are worthy of careful perusal. (See Table, page 292.) 

In addition to the destructor at Rochdale, 5 large Cornish 
boilerB are provided ; these are equipped with Meldmni forced 
draught furnaces, and bum a considerable quantity of refuse, 
the power from which is also fully utilized in connection with 
sanitary manure plant. 

Rhondda Ukban District Council — Poi-uiunioN, 117,000. 

A 1000. 

B . . . . . Maauii'u gauiHur. 

C 2. 

D . .1 vortical. 

K — 

F . . . Stoaiii j<it Ijlowars. 

G ....... . Nuiit! available. 

H IQtoiiH. 

I 2a. Id. 
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ROTHGRHAH MuNICIPAI, CORPORATION — POPULATION, 64,348. 

A 1892. 

B Fryer's top fed. 

C 6. 

D '1 Multitubular, 14 ft. x 7 ft. 

E 130 icct. 

F . . . . . . St<>ani jpt blowers. 

O . Works purposes only 

H 40 tons. 

I Is. Oid. 

RoYTON Urban District Council : Population 14,881. 

A Ifl83. 

B . . Warnprs top ted. 

C 4. 

D 1 Multitubular, 12 ft. X 7 ft. 

K 213 feet. 

F . Natural draught only. 

fi — 

H 20 tons. 

I Old. 

St. Anne's-on-Sea Urban District Council — Population, 

6,807. 

1900. 

Warner's top fed. 

2. 

1 Multitubular. 



H 



Forced draught and works lighting only, 
(t tons normally. 
In. llrf. 



E.W. 

St. Helens Municipal Corporation— Population, 87,385. 

A 1899. 

B . . . Meldnim's Beaman & Dean top fed. 
C 4. 

' It has recently been decided to inst^d a I^ancasliire boiler also. 
293 
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D 2 Babcock & Wilcox. 

E 200 feet. 

P Fan. 

JJ . . . . . Electric traction. 

H 32 tons. 



The steam ranges from the destructor boilers to the eopv 
room are ao designed that two sets of each 125 k.w. can be nir 
from the destructor boiler independently of the other boilers, of 
the destuctor boilers and supplementary coal Bred Lancftshin 
boilers can supply the whole range in parallel. 

In each machine circuit a watt hour recorder meter is fisnl. 
to meter the output from the generator. The usual practice b ii- 
drive one or both of the 125 k.w. sets from the destruct-or raili 
for a part of the day, and later on, when more plant is required 
to parallel both sets of boilers on the whole load. 

Some figures extracted from the returns for the first year'> 
working from March 31st, 1900, to March 3lst, 1901, are .rf 
interest — 





T<.l:.l fur .«io Y™r 


Avprape p^- W«t 


WeiRht of retiiae dcstrovod . 


9,778 tons. 


188 tons. 


Electrical energy nsed for driving 






fans and otlier motors . 


70,000 units. 


1,346 units. 








boilers ..... 


365,000 units. 


7.019 units. 


WaRes 


£750. 


£14 8». 6rf. 


Weight of clinker produced . 


3.900 tons. 


75 tons. 


Value of mortar sold . 


£2-2! Ss. Sd. 


£4 .-w. id. 


Valuo of electrical iinitu generated 






at -Srf. per unit 


£450 


£» I3«. Irf. 



A\'ERAaKS PER Ton ( 

Unita generated pxoluaive of powe] 

and 1 Ktcani winch 
Units used on works . 



F Refits E Destroyed, 
used for 2 mortar mills 
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A few figures taken from the analysis of the accounts for the 
year ending March Slat, 1902, are interesting — 

Labour factor ...... 17-84 per cent. 

Fuel coat per unit ..... '26d. 

Works cost {>er unit ..... '65({. 

Total „ „ „ I04d. 

Not Hurplufl for year £2fll. 

Four supplementary coal fired boilers of the Lancashire type 
are provided, and the power equipment of the works is as follows : 

6 Willans' engines ; total H.P. 2.220, and 6 multipolar dynamos 
direct coupled, total capacity 1,340 k.w. ; also a storage battery 
of 730 Chloride cells R. type. 

Some details of the oflficial test of the destructor are here 
given — 



Date of test 


April 10. 1900. 




7 hours 20 mins. 


Statfl of the weather .... 


Fine, windy. 


Kind of fuel burned .... 


Unscreened ashpit refuse. 


Total weiglit of fuel burned . 


16 tons 18 cwt. 2 qrs. — 




37.912 lb. 


Weight burned per hour 


6,1691b. 


Weight burned per eq. ft. of grate area 




(50 sq. ft.) 


103 lb. 


Total weight of clinker and ash 


6 tons 6 cwt. 1 qr. — 




11,9001b. 




31-36 per cent. 


Total water evaporated 


48,216 lb. 


Water evaporated per hour . 


6,575 lb. 


per lb. of refuse, actual 


1271b. 


per lb. of refiiae, from 




and at 212" F., inchiding economiser 


1541b. 


Temperature of water in tankn 


46° F. 


„ of feed water from eeonomiaer . 


190" F. 




1321b. 


„ air preeaure under grates . 


31 in. 






copper test 


2,000= F. 


Temperature in main flue, before economiser 637° F. 


„ „ after economiser 


358= F. 


Percentage of CO,, average for 21 readings . 


10 4 per cent. 


O. „ „ 20 


9 16 „ „ 
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Great credit is due to the late chief engineer, Mr. J. S, High- 
field, for the very excellent results obtained at this combined works, 
which must rank as one of the most successful in this country. 



St. Hbligra, Jersey. 



Horefall's back hand ted. 

3. 

1 Babcock & Wilcox. 

7,1 it. X 4 ft. 6 in., internal. 

Steam jet blowers. 

Forced draught only. 



During the first few months of working, nuisance was caused 
by the escape of offensive dust and fumes, and litigation ensued. 
This trouble was no doubt seriously contributed to by careless 
working and lack of efficient supervision. 

Salford Municipal Corporation — Population, 220,957. 
Five Installations. 





No. 1 


No. 2 


No. 3 


So.* 


No. fl 




Wilburn Rl. 


" Agecroft " 


Cfu^y St. 


Wilbum St. 


Carey St 


A 


_ 

1883. 


IRBB. 


1888. 


1902. 


1902. 


B 


FryCT'B 


Fryer's 


; Fryor'« 


Warner's 


Wapn«T-« 




modified 


modifiM 


modifieil 


top ted. 


top fed. 




top ted. 


top fed. 


1 top fed. 






C 


12. 


0. 


11. 


3. 


B. 


D 


1 Multi- 






ILan- 


3 Multi- 




tiibiiUir. 






eaohire. 


tubular. 


E 


180 ft. 


180 ft. 


180 ft. 


Hatne 


ehimney. 


F 


Natural 


draught 


only. 


Fan. 


Fan. 


O 


- 






Foreod draught 
worku 


and 
purpoBTB. 


H 


— 




— 


— 


— 


T 


— 


— 


1 ~ 


1 


~ 



296 



itized by Google 



REFUSE DESTRUCTORS IN ENGLAND AND WALES 



Sausbuey Municipal Corporation — Population, 17,117. 



Horafall's back hand fe 

2. 

2 Babcock & Wilcoi. 

120ft. x5ft., internal. 

SteAm jet blowers. 

Sewage pumping. 

16 tons. 

Is. M. 







(H) 






,„jl.^,„,. 




^ 


j^ 


T.,..-. 




'^N 




frtW^ 


^ 




*" 


xi 


i J^;j: 


iTp" 




^ l^iLJi 


w 


„;.,„ ; fi,M i 



Fio. SO. Sahsburv Combined Destructor a 



The general arrangement of this installation will be seen by 
referring to Fig. 80. This destructor, beii^ part of a modem 
scheme, is very complete, and an excellent example of its type. 

Some interesting details of an evaporative test conducted by 
the National Boiler Insurance Co., Ltd., are here given — 
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Test of a Two-Ceh, Hobspall De3trcctor, cakkzeo 
BY THE National Boiler Insurance Company, Ldoted a 
Sajusbithy fob the Salisbuby Urban Sanitary Authoet. 
April 16th and 17th, 1902. 

General Particulars. 
DESTRUCTOR.— With two cells. HorafaU'a buck fed type, «■ 
furnace having 30 square feet grate area. Worked under forc«d d 

BOIT.ERS. — Two Babcock and Wilcox boilers set in oae bviiff 
Etu;h drum 3 feet diameter, 23 feet 7^ inches long, with 40 tubes IS h 
long. Fired by the waste gases from the Destructor. Total hua 
surface of both boilers, 1,800 square feet. 

EOONOMISER. — One Green's economiser of 72 pipes. Total berii 
surface, 720 square feet. 

Schedule op Principal Results. 



A — Total rdtiwe to be dentroyed 
B — RefuBO to l>e biirut per 8<j. ft. 

of gralo per hour 
C — Total evaporation of ateam 
D — Water evaporated per lb. of 

refuse destroyed from and at 

212° F. 



E — Boiler pressure— lb. per sq. in. 

F — Temperatiire of feed water 

leaving economizer, deg. F. 

O — Temperature in tximace, deg. F. 



H — Temperature deg. F. in main 
flue at inlet to No. 1 boiler . [ 

I — Tomperatnre deg. F. in main i 
flue at inlet to No. 2 boiler . 



20 ton« in 23 hours. 

321b. 
40,000 lb. in 23 hrs. 

lib. 
Max. Min. Aver. 



Renulta Obtaintd 



1 -23 lb. 
Max. Min. | Am. 



226 I 191 214 
2.000 : 1.320 :i.ftlj 
Tn)(en in enni bul- 
lion chamher. 

Results Obtainnl. 



About 1,600° F. 
About 1,400° F. 



; Max. ] Mii 
1,.TO3 1.12 
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Other OBSERVATroNs. 



— TcmperatuTB of flus gas deg. F. at economioor inlet ^ 
k — Temperature of Rue gas deg. F. at econumiaer outlet i 

4 Averfip:i> tomperatiire of wfttor piimpmi to epononiiwr SO'S" F. 

<— Porpeiit4i)fO"f clinkor(7 tnnH)obtninod from Uiomfiifli' 35 per cont, 

J— Wciithor , Finp. 



Sheerness Combined Destructor and ' 
VIev ol Inclined Boadvaj- vid Bnildliis- 



w. w. 

SiiEKRSRss Urban District Cottncii, — Popdlation. 14,492. 
Ifl03. 
Moldnim'fl front liand fed. 



I> 



2 grfiU^. 

1 Lancashire, 26 ft x 7 ft. 

90 feet. 

Steam jet bloweni. 

Water jnimping, 

10 tons. 

Is. 
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Figs. 81, 82 and 83 illustrate this plant, which isofmtxi 
ordinary interest. If is combined with the Council's wattr 
on a remarkably central site. Sufficient power is obtained it 
ate the deep well pumps (about 70 H.P.) with the except 
Sundays, when, there being no collection of refuse, eoal isn 
a senarate boiler. 



Fm. 82. SHEEnNF,ss Combined Dksi 



The total cost of the installation was about £3,500, and npi 
the present time, after six months' working, the average savia 
in fuel and collection cost has been over £17 per week. 

It is anticipated that at the end of twelve months' workii^i 
saving of £1,000 will have been effected, and that the net econonir 
as the result of the combination will be at least £600 per annua. 

The external view of the works {Fig. 83) clearly conveys tbfir 
remarkably central location. The chimney, 90 feet in height, n.' 
previously used for the coal fired boilers, and while being theii 
300 
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notorious owing to the emission of black smoke, is now quite free 
from offence. 

Sheffield Municipal Corporation — Population, 410,091. 
Two Installations. 



Luiiilfy Street. 



I'tiiiiEttonu Uoiid. 



1897 and ISOL 
Warner a top fed. 
16 cellH. 
2 Multitubular. 
180 ft-et. 
Fan. 

Forced draught and 
works purpoBfB. 
100 tons. 



1903. 

HorafaU'n top fed. 

12 [»lb. 

2 LoncasliiroH 

Steam jet blowern. 
Forced draught and 

worka purpoaea, 
lOU tons. 



> Works not yet in operatio] 
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In connection with installation No. 1, 2 mortar -^'^ - 
Musker hydraulic flag plant are provided, and a complc^te ■: 
utilization plant is being provided at Penistone Koad <ie*T^ 

E.W., S.W. 

SmpLBY Urban Disthict Council — PoptmATios", ^r> 
A . . . 1901. 

B . Meldnitn's front liand fed. 

C . . i gratia. 



1 LaiioaHhii-e. 30 ft. x 8 ft. 

180 feet. 

Steam jet blowtra. 

Electric lighting, traction and sewage pumpiog. 

25 toiiB. 

lOid. 
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In addition to supplying power for operating electrically driven 
sewage pumps, the destructor also gives a considerable amount 
of power, which is mainly used for the day load, motore tand 
traction. 

During the year ending March 31, 1603, 92542 units were 
used in the works for sewi^^ pumping, works lighting, clinker 
crushing, etc., the total station costs being r368(2. per unit, and 
the fuel cost ■372d. per unit. 

Two supplementary Lancashire boilers are installed for coal 
firing, and the power equipment of the station comprises : 3 Parson's 
turbines, total capacity 720 k.w ., and a storage battery of 260 B.P. 
T. and L, Company York cells. 

Fig. 84 is a view of the engine room, showing the whole of the 
generating plant, as also the switchboards. 



Smethwick — Population, 54,5 



Meldruin'H improved top fed. 

Q grates. 

1 Lancashire. 

150 feet. 

bt«ain jot blowuru. 

Not yet devidud. 



About three years since a Mason's gaeifier (2 cells) was erected, 
but this has not been used for some time past. 



Southampton Municu-al Corpohation-- Population, 107,833. 
Two Installations. 



Fryer's top fed. 

6. 

1 Multitubular. 



1901. 

Fryer's improved top fed. 

4. 

2 Babcock & Wilcox. 



'This installation, which is estimated to cost £0,000, will uot be com- 
pleted until late in 1904. 
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E . ,160 feet. Same chiamey. 

F . . . — Fan. 

G . — Sewage piunpiiii;. 

H , . .30 tons- 40 tons. 

I . . . ' — Is. 2id. 

The available power from installation No. 2 is fully utiliad 
for sewage pumping, the dry weather flow being 4,000,000 gallon 
per 24 hours ; the height of the lift is IS feet. 



SouTHPOBT Municipal Corporation — Population", 48,083. 

1901. 

Horttfall's top fud. 

6. 

1 Lancashire, 30 ft. x 8 ft. 

180 ft. x7ft. intOTnaL 

Steam jet blowers. 

Gas works. 

40 tone. 

Is. 2d. 



SouTHwoLD Municipal Corporation — Population, 2, 

A 1900. 

B Ball's patent. 

C 1. 

D None. 

E — 

F Natural draught only 

G ...... No power available. 



Stafford Muhicipal Corporation — ^Population, 20,894. 



Fryer's improved top fed. 

4. 

2 Uabcock & Wilcox. 

135 feet. 

Fan. 

Sewage pumping. 

20 tons. 

la. id. 



Digitized by GOOJ^Ie 



REFUSE DESTRUCTORS IN ENGLAND AND WALES 

The cost of the destructor and accessorira, but exclusive ol 
buildings and chimney, was £2,315. 

Stockton-on-Tees Municipal Corporation — ^Population, 
61,478. 

A 1901. 

B . . . . . Horsfall's back hand fed. 

C 2. 

D Babcock & Wilcox. 

E 130 ft. X 4 ft. internal. 

F . . . . . ijteain jet blowers. 

G . . . . . Clinker cnislier and niurtar mill. 

H 20 tons. 



Six cells would be necessary to deal with the present collection 
of refuse, the bulk of which is still being tipped or disposed of to 
farmers. 

The capital expenditure on the present plant was £3,091, exclu- 
sive of the cc3t of the site and included roadway, this being esti- 
mated at £700. The future extensions are estimated to cost 
£1,000 per cell. 

E.W. 

Stoke-on-Tbent Municipal Corporation — 
Population, 30,800. 

A 1903.1 

B ..... . Meldnim's front liand fed. 

C 6 grates. 

D 2 Lancaeliire, 30 ft. x8ft. 

E . 120 feet. 

F ..... . Steam jet blowers. 

G ..... . Electric liglitiiig. 

H 30 tons 



Stourbridge Urban District Council — 
Population, 16,302. 
It has recently been decided to erect a destructor of the 
Horsfall type at a cost of £3,750. 

' Now in course of erection. 
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Stretfobd Urban District Coumcil — Pofdlation, 30,436 



Meldrum's Beaiiian & Uesp 

top fed. 
2. 

1 Babcock & Wilcox. 
150 feet. 
Fan. 

Works (lurposes only. 
18 tone. 
U.4d. 



;.w. 

Sudbury Municipal Corporation — Population, 7,Urt 

A 1903. 

B ..... - Meldrum's front hand ftxl. 

C . . . - .4 grates. 

I) 2 Comieh. 15 ft. xoft. 

E 80 feet. 

F ..... . Steam jet Wowltb. 

G ..... . Sewage pumping. 



iriiiiiiiLiiiujiiin 




Sewage Works. 



This installation is of interest as being the smallest combined 
plant of the kind yet erected in this country. As such it affotds 
a striking object lesson as to what may be done with such a 
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Fia. 80. 

SUDBTJBV COJIDINED DESTHUCTOR AND SeWAUE WoUKS. 

small quantity of refuse. The clinker will be fully utilized for 
the bacteria beds. 

The general arrangement of the destructor is shown in Figs. 
85 and 86, and.it will be observed that although only a small plant, 
it is yet complete in every respect. 

Swansea Municipal Corporation — Population, 94,615. 
An eight-cell destructor of Horsfall's top fed type is now in 
hand, the ^timated cost of the same being £9,600. 

S.W. 

Taunton Municipal Corporation — Population, 21,078. 

A 1903. 

B ...... Horsfall'ti back liand fed. 

C 4. 

D 2 Babcock & WilcoJC 

E 76 feet. 

F ...... Steam jet blowers. 

G ...... B«wago pimi])ing. 

H 20 tons. 

I — 
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REFUSE DISPOSAL AND POWER PRODUCTIO!: ^ 
Fig. 87 is an external view of the works. The c«itr4 



Fio. 87. Taunton Combined Destbuitob and Sewaue Wobks- 

KxtiMHSl view, Sliowiug UiuC Catcbu. 

dust catcher will be observed between the building and ^ 
chimney. 

Torquay Municipal Cohpoeation — PopULATioy, 33,6ii. 

A 1899. 

B Warner's top fed. 

C 4. 

D 2 Multitubular. 

E 150 feet. 

F Van. 

G ...... . Works purposts only- 

H -25 tons. 

I '9!d. 

These worlca are situated in a hollow, and for the first' rWfl^ / 
two of operation the complaints concerning nuisance fw j 
escaping fumes were numerous and apparently wd' foao^ i 
' This is a test figurei' 



itized by Google 



REFUSE DESTRUCTORS IN ENGLAND AND WALES 

Experts were, however, consulted by the Corporation, and the 
alterations suggested and adopted have had the effect of avoid- 
ing further trouble. 

E. W. 

Tottenham Urban Distsiot Codncii. — Population, 106,800. 

A 1903. 

B . . . . . . Warner's top fed. 

C 10. 

I) 5 Miiltitubular. 

E ISO feet 

F Fans. 

O ....... . Electric lighting. 

H 80 tons. 



Pig. 88 is a block plan showing the general arrangement of this 
plant ; it will be observed that each cell is provided with a separate 
fan for forced draught ; this is a new departure, and while offering 
some advantages over the usual practice yet cannot on the whole 
be recommended. 



E.W., S.W. 

Wakefield Mtinicipal Corporation — Population, 41,644. 
Two Installations. 

1. 2. 

18118. 

Fryer's improved top fed. 
4. -2. 

2 Babcock & Wilcox. 1 LancaBliirc, 24 ft. x7 ft. 

Fan. Fan.* 

Rl<>ctric lighting and sewage pumping. 
Total 40 tons. 

Five supplementary coal fired boilers are installed, these being 
of the Lancashire type each 30' long and 8' in diameter. The 



' Works not yet in operation. 
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REFUSE DESTRUCrrOES IN ENGLAND AND WALES 

power equipment of the station is as follows : 3 Horizontal slow 
speed engines, total H.P. 450; 3 fly-wheel alternators; 112 k.w. 
each ; and 2,400 k.w. high speed vertical engines. 

The Sanitary Committee pay the Electricity Committee 
Is. Qd. per ton of refuse destroyed, the Electricity Committee 
providing 40 H.P. for operating the pumps for lifting the 
sewage into the settling tanks. 

Some details of a test carried out with Installation No. 2 soon 
after its completion are here given — 

Date of test July 12, 1902. 

Number ot cells in use . .2. 

Total grate area . .50 square fee>t. 

Refuee consumed per hour .... 2,230 lb. 
Refuse consumed per sq. ft. of grate surface per 

hour 44-6 lb. 

Total water evaporated per hour . . 3080 lb. 

Water evaporated per lb. of refuse destroyed from 

and at 212° F 1-4 lb. 

Wallasey Urban District Council — Pofclation, 55,000. 

A 1897. 

B ...... . Fryer's improved. 

C 6. 

1) ...... . No boilers. 

K 160 feet. 

F ...... . Natural draught only. 

G ...... . No power available. 



Walker-on-Tyne Urban District Council — 
Population, 13,335. 
1902. 

Meldrum's front hand fed. 

8 grates, 

2 Cornish, each IB ft. x 6 ft. I 

90 feet. 

Steam jet blowers. 

Works purposes only. 

SOtoiw. 

63d. 
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REFUSE DISPOSAL AND POWER PRODUCTION 

The details of the official test here given will serve to emphs- 
size the serious mistake, even now frequently made, of not cob- 
bining the destructor with some works where the power can br 
fully utilized. 



Date Nov. 25. 19n2. 

Time commctiocd ...... 9.30 a.in. 

Time finished 8.20 p.m- 

Duration of t«st ...... 10 hours 50 nuD. 

Grat« area ....... 100 squ&r« ten. 

Quantity ofrefuBe destroyed, 30 tons Ifiewt. 1 qr. 69,0201b. 
Quantity of refuse destroyed per sq. ft. of grat« 

area per hour ...... 64 lb. 

Residue— linker, 7 tons 9 cwt. 2 qr. 

Ashes. „ 11 „ „ . . 17,976 lb. 

Percentage of clinker . .26 p>er cent. 

Temperatiu^ of combustion chamber — 

Melted nickel 5 times. Fused and melted 
^-in. chain i times. Melted copper when 
cleaning out. 

Approximate maximum temperature . 3,000° F. 
Average temperature 
Averagetemperatureinsidefluoat backofsetting Over 1,400° F. 
Average temperature in side flue, 

biwtion cliamber door open 
Averatro temperature in bye-pasa at entrance, 

with air inlets open . 
Average temperature in bye-|>a«.s, with ci 

tion chamber cleaning door open 
Average temperature in fine before regenerator . 
Average tem[)erature at cliimney base 
Ashpit pressure 
Pull before regenerator 
Pull after regenerator 
Pull in bye-poHS 
Average steam pressure . 



Over 2,000" P. 



1.310= 



950" P. 



875° F, 



Nov. 29, 1902. 



HANncocK & Uyxes, Consalting Engin«*T^ 

1, Victoria Street, Westminster, S.W. 



Note. — It i.s worthy of remark that the occasion of the Walker Uei e 
the first on record where J-inch steel chain was fused and melted in tbt 
combustion chamber of a destructor furnace. 



It will be observed that this official test was carried out to 
determine whetlier or not the Destructor could fulfil the guar- 
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anteed destroying capacity, but the figures are useful for other 
purposes, clearly showing as they do that a temperature can be 
reached and maintained such as was deemed impossible a few 
years since. 

The following extract from the consulting engineer's report is 
of interest, clearly showing the serious loss in the ease in question 
owing to the destructor not being combined with the electicirty 
works — 

With the rmtilt of the test we are exceedingly pleased, as the plant 
has in every respect exceeded the requirementa that we specified, and 
is u'orking in a most satisfactory manner, there being no offensive gases 
given off either from the chimney or the furnaces, and there is almost 
an entire absence of smoke. It seems, however, a great pity to an en- 
gineer, or indeed to any one of an economical turn of mind, to aee so 
much valuable power being wantonly thrown away, as the present plant 
has no arrangement for ateam raising on a large scale. We were unable 
to test the amount of water which could be evaporated per ton of refuse, 
but from our experience of other destructors, and heat obtained in the 
furnaces, we have no hesitation in asserting that if suitable boilers were 
installed, each pound of refuse burnt in the destructor would provide 
I J lbs. of high pressure steam over and above that required for the steam 
jeta, etc. Now each unit burns 2-9 tons of refuse per hour, thus fur- 
nishing practically 10,000 lbs. of steam per hour, and allowing say 20 lbs. 
of stfiam per horse-power per hour would give 500 horse-power, which 
is considerably more than the power required to do all the lighting in 
Walker, and supplying the trams in addition. Tltis is a sufficient answer 
to the critics who questioned the original proposals submitted, namely, 
to work the machinery in your proposed electric lighting station entirely 
by the heat provided by the refuse destructor. 

At t!ie present time actually iWO horse-power is being wasted for 
12 hours per day, and it certainly seems a pity that as the supply com- 
pany have to keep men at the dcstruct-or, and also men and machinery' 
in their sub-station, that they could not utilize this heat by putting down 
steam engines alongside the destructor, as provided in our original plans, 
thus saving the eiml required for HOIt liorsc-power. 

WABRmGTON Municipal Coeporatioh — Population, 64,242. 
Two Installations. 

1. 2. E. w. 

A . 1S96. 1901. 

B . . Meldrum'a Beaman & Doas Meldnim's Beaman & Deas 

top fed. top fed. 

C . . 4. 4. 
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. 2 Babcock & Wilcox. 


2 Babcock & WU 


. 120 iect. 





Fan. 


Fan. 


, Sanitarj- manure works. 


Elpctric l^hting. 


30 (ons. 


34 tons. 


. 1.. lid. 


U. 2d. 




SO. 



Installation No. 1 was the first of ite type in this country ; at 
Installation No. 2 the works cost per unit generated in mid-frinter 
when the refuse is of the highest calorific value is given as * 825(/. per 
unit. This figure includes salaries and all incidental charee^, 
but is exclusive of interest and sinking fund. 

Four coal fired supplementary boilers of the Babcock and 
Wilcox tj'pe are provided, and the power equipment of the statica 
is as follows : 4 Willans' engines, total H.P. 1760, direct coupled 
to 3 Bruce-Peebles' four-pole dynamos, and 1 E.E.M- Companv's 
dynamo, total capacity 1,100 k.w. 262 Chloride cells are alsi> 
installed, the capacity of the same being 800 ampere hours. 

S. W. 
Watford Urban DrsTRicr Council — Population, 29,023. 

A 1903. 

]i Meldnim's front liand f*^. 

C ..'■.. 4 i;rrat«H. 

D 1 I^ncaRhire, 30 ft. k 8 ft. 

■ E 170 tprt.(Cu»todi'a type). 

F ..... . Steani jet blowers. 

G ..... . Srwap' pumping. 

H 40 tons. 



E.W. 



, VY. ■ 

Wellingborodoh Urban District Council — Population 
18,142. 

1900. 

Manon's top fed. 



D . 

E . 



)t yet ill ojieratio 



Digifz-r.- Google 



REFUSE DESTRUCTORS IN ENGLAND AND WALES 



H 



Steam jet blowers. 

Forced draught and electric lighting. 

12 tona. 



. w. 

Vest Bridgfobd Urban District Cocncil — Population, 
7,018. 

A 1903. 

B . ....... Warner's top fed. 

C 2. 

D 1 Multitubular. 

E . . . ■ . . . . 160 feet. 

F Fan. 

G Sew^e pumping. 

H . . . .7 tons. 

E. W. 
West Hartlepool Municipal Corporation — Population, 
62,627. 
Two Installations. 



1901. 

HorafaU'B top fed. 

fl. 

2 Babcock & Wilcox. 



1903.1 

HomfaH's top fed. 
6. 

1 Babcock & Wilcox, 
marine type. 



Steam jet blowers. Steam jet blowers 

Electric lighting and works purposes. 
60 tors. 
"lOJd. 



About 80 H.P. ia supplied to the electricity works from In- 
stallation No. I, power being also used for operating a clinker 
cruBher and mortar mill ; the mortar sells freely at 7«. 6d. per ton. 

The capital cost of this plant was £7,646, exclusive of the cost 
of the site, but including the sum of £1,000 as part cost of the 
chimney, which is also used for the supplementary coal fired 
boilers. 

' Now ill course of orection. 
^ This Hgure applies to a teat. 
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Three Lancashire boilers are provided for coal firing, and d 
power equipment of the station comprises the following : ■ 
Bellis compound high speed engines, direct coupled to 7 Crompt-x 
two-pole shunt wound dynamos, total capacity 500 k.w., and . 
storage battery of 260 Tudor cells, capacity 300 ampere houis. 

Some details of an evaporative test in connection witfa t'l- 
destructor are here^given — 



Date of tent ' , 

Duration of test (started from cold) 

Number and typo of cclla 



Total grate surface 
System of forced draught 



Nature of refuse 

Number and type of boilers , 

Total quantity of refuse burned 

Total quantity of refuse burned per cell per 24 

Total quantity of refuiic hurnod per sq. ft. of 

grate per hour 
Tons per man per shift 
Total wat<"r evaporated 

„ „ „ per lioiir 

„ „ „ per Bq. fl 

surface per hour . 
Total wat<>r evaporate! per lb. of 

and at 212° F. or 100° C. 
Mean steam pressure . 
„ feed temperature 
„ main flue temperature 
„ temperature behind boilers 



of heating 



January 17 to 18, Ifice. 

24 hours —1 day. 

6 cells, back to bark, v- 

fed. 
180 square feet. 
Horsfall Co. 'a psteat 

steam blowers. 
Aaltpit, house, and mBTfcn 
2 water tube. 
65 tons 3 cwt, 1 qr. fi IL 

tons 3 cwt. 3 qr, 16 ft. 

28 6 lb. 

fi tons 2 cwt, 2 qr. 9 It 
56 tons 16 cwt, Oqr. IS Ik 
7 cwt. I qr. 5 fh. 



3 04 lb. 



refuse from 



.WF. 
2.190° F. 
400= F. 



;.w. 

Weymouth Municipal Corporation — Population, 19,831. 

A 1903.' 

B Meldrum's front band fed. 

C . .4 grates. 

D 2 Cornish, 1 20 ft, x 5 ft. 6 in, 

1 20 ft. X 6 ft, 6 in. 



-Google 



.l\t>:- 



JSE DESTRUCTORS IN ENGLAND AND WALES 

60 feet. 

. 8team jet blowers. 
Sewage pumping. 

16 tons. 



'5. 89 will serve to show the unique position of this destructor, 

is being erected on the water side of the sewage works, 

jf the lai^e open collection tanks will be covered by the 

■8, and the air supply for combustion will be taken from the 



COHDINKI) DEHTRVl-roR AND SiSWAOE WORKIJ. 

open tank through the covered tank and direct to tlie regenerator. 
This constant exhaust will have the effect of removing all foul 
gasee. 

The site is a very central one, and its advantage in reducing 
the cartage cost will be clearly seen by referring to the following 
tabulated statement, prepared by the Borough Surveyor, 
Mr. W. Barlow Morgan', for presentation to the Local Government 
Board at the inquiry, 
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REFUSE DISPOSAL AND POWER PRODUCTION 
BoBouQH OF Weymouth and Meloombb Rbqis Dbstbuctob. 

Estiinat«d annual cost and repayment of loans — 

£ a. d. 

Brickwork in destructor ..... 1,750 

Buildings 1,290 

Road 160 

3,200 

Loan for 20 years — 

Machinery and ironwork , . . . . 1,400 

3,20a 

4,000 

Annual cost — ■ 

£4,a00 at 3 per cent 138 

Sinking fund 21 per cent — 

£3,200 at 30 years 72 12 9 

£1,400 at 20 years 54 14 9 



Estimated annual saving to tlie rates — 

To present cost of coal used at pumping station . 
Estimated saving of 2 horses and 2 men per day . 
Collecting refuse (7*. 6d. per diem) 



To the value of 1,250 tons of clinkiT a 



Deductions — 

To interest and sinking fund . . £2^5 7 6 

Increase in worlcing staff (2 stokers at 24«. 

each per week) 124 16 



205 


7 


fl 


476 








234 








710 


,1 


(. 


156 


5 


'* 



Nett assessable value . £99,650 
Rateable value . . 92,000 
Id. in the £ produces £356. 



3'8 

D,„i,i.aB, Google 



REFUSE DESTRUCTORS IN ENGLAND AND WALES 

S.W. 

Wimbledon Urban District Council — Population, 45,000. 

1900. 

Meldruin'a Beaman & Dean top fed. 



I> 



2 Babcock & Wilcox. 
150 feet. 
Fun. 

Sewage Pumping. 
54 tons.' 
1«. Sd. 

Average number of electrical unite generated per ton of refuse 
destroyed, 45, 



Flo. W. W] 



Five supplementary coal fired boilerH of the BalKioek and Wil- 
cox type are also installed, the power equipment of the atation 
being as follows : 5 Willans' engines, total H.P. 1800, 5 Crompton 
alternators, total capacity 1060 k.w. 

' Two-tliirda of refuse and onc-tliird of sludge. 
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REFUSE DISPOSAL AND POWER PRODUCTION 

Fig. SO ehow8 this installation in coviTBe of erection. It is 
probably the only combined works yet erected where sewage 
sludge is destroyed with refuse, and the power production, as will 
be observed, is eminently satisfactory. It is worthy of note that 
for the year ending March 31, 1902, a net profit of £1,368 was 
realized.' 

Winchester Municipal Corporation — Population, 20,919. 
Two Installations. 



1891. 

Warner's top fed. 



80 feet. 
3 steam jet blowers.^ 



Withinoton Urban District Council — Population, 36,032. 



Meldnun'B front hand fud. 
2 Lancashire. 



Steam jet blowers. 
Sewage puniping. 
36 tone. 



This is an excellent example of a modem combined works. 
The sew^e is lifted by 1-19', 1-15" and 2-10" Tangye centrifugal 
pumps. The two larger pumps are driven by compound engines 
of 68 and 35 H.P. respectively, while single 16 H.P. engines are 
provided for operating the two small pumps. 

' Within the past year the Deetructor has been combined with the 
Sewage Works on the same site. 

• The gancs are passed tlirough a Green's oconoitiiser, and it is esti- 
mated Uiat this effeute a eaving of £4 per week in the fuel bill at the sewage 

> Added in 1807. 
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Twin air compreBsors of the high pressure double tandem 
rpe are installed ; also Johnson's sludge pressing plant, having 
2 chambers, and capable of pressing 8 tons of sludge at each 
tiarge. 



. W. 



Wolverhampton Municipal Corporatioh — 
Population , 1)4, 187. 

1903.» 

Fryer's improved top !ed, including 

Boulnois, Wood & Brodie's patents. 
8. 
i Babcock & Wilcox. 



Works purposes and electric lighting. 



S.W. 
WoBTHiHa Municipal Corporation— Population, 22,617. 
The Council have recently decided to erect a destructor of 
the " Heenan " type in combination with the sewage works. 
The estimated cost of the destructor, exclusive of excavation, 
foundations, buildings and chimney is £2,880. 'lliis is an interest- 
ing modem departure, the sewage being lifted at present by 
means of gas engines and three-throw pumps, and while the latter 
will be retained they will be steam driven, the steam being 
provided from the refuse. 

E. W. 

Wbexmam Municipal Corporation — Population. 14,966. 
1900. 

Meldniin's front liand fed. 
4 grat«fi. 

1 I^ncoBliire, 30 ft. x 8 ft. 
, J 20 feet. 

Steam jet blowers. 
KIpctric lighting and traction. 
. 3.'> tonH, 



n coursie o£ erection. 
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REFUSE DISPOSAL AND POWER PRODUCTION 

Two supplementary coal fired boilers of the Babcock and 
Wilcox type are installed, and the power equipment of the 
station is as follows : 3 Willans' engines, total H.P. 750, direct 
coupled to 3 Lancashire dynamos, total capacity 375 k.w,, also 
270 Chloride cells of 300 ampere hours capacity. 

The It^ for two consecutive months' running is here given 
and is specially interesting, more particularly that of the second 
month, January, 1902, when no coal whatever was used even on 
Sundays. 



IIS'4 
123 5 
125 S» 
W3 
134 4 

117 6 
1188 
123 5 
13.-3 4 



1488 

835 (Sunday) 
1283 
137-8 
Cliristmea Day. 
No collection of refuse 
No collection of refuse. | 
134'4 I 

80 8(Smiilay)! 
125 1 

112'8 i 



Sunday. Sunday. 
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Uax Voml in K.w. 



121 125 

8075 
1344 

76 
114 

121 125 
121125 
123 5 

855 
134 4 

83 125 



133 5 



Fig. 91 illustrates a steam pressure curve over an ordinary 
day's run, and fully bears out Mr. Sillery's contention that " the 
st«am pressure is constant and easily controlled." 

It is worthy of note that this destructor was in constant use 
for the whole year ending June 5, 1803, without being idle even for 
one day tor cleaning or repairs, and that for the first three years 
of operation, which ended at the date already mentioned, not one 
penny had been spent upon repairs. 
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REFUSE DISPOSAL AND TOWER PRODUCTION 



) £lectbi(;ity Woi 



With the improved load factor during the past few months, 
the fuel cost per unit sold haa been reduced to bSd. 



York Municipal Corpobation — Population, 77,914. 
Two Installations. 



Wanicr'H toji tod. Kiycr'a iiiiprovt-d top fud, 

«. 4. 

1 Multitubular. 2 Babcoik & Wilcox, 



Works purjMjsi.ij only. 
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Chapter XVIII 

REFUSE DESTRUCTOUS IN SCOTLAND AND IRELAND 
Ayr Municipal Corporation — PopuIiAtion, 28,697. 



Meldrtun's front hand fed. 
fl grates. 

1 Babcock & Wilcox. 
120 feet, CuBtodi'fl type. 
Steam jet blowera. 
Electric lighting. 



The electricity works have been in operation tor several 
years past, and the following coal fired boilers are installed : 
4 of the Lancashire type, 2 Stirling water tube, and 1 Babcock 
and Wilcox. 

The power equipment of the station is as follows : 8 Bellis, 
and 2 Marshall compound engines, 7 Siemens fiy wheel alter- 
nators of 625 k.w. total output, 2 Bruce -Peebles' traction 
generators, 200 k.w. each, and 1 Siemens traction generator, 
220 k.w. ; a storage battery of E.P.S. cells is also provided. 

Edinbdboh Municipal Corporation — Population, 316,793, 

HorafaU'R top fed. 

10 celbi. 

I Mnltitiibiilar, 14 ft. x7 ft. 

ifir, fwt. 

steam jet blowers. 
Forced dranglit. 
00 tons. 
2fl. RJrf. 

oiirsp of erection. 
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= |t|i 

Ills! 
"11 " 


f 
1 


1 ^ 
1 • 




Own design. 
10 cells. 


1 


Own design, 
11 cells. 




<(£> OQ 
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FUSE DESTRUCTORS IN SCOTLAND AND IRELAND 

Some of the cella in Glasgow have been in use for over twenty 
rs ; the total weight of refuse destroyed daily varies consider- 
y, as at some of the works only sorted refuse is destroyed, 
nen»e quantities being used for manurial purposes. 
At the Dalmarnock works the clinker sells freely at 2a. 6i, 
• ton at the works, and is thus productive of a good revenue. 
is stated that upwards of 20 tons of paper is collected every 
tek, and at the present time one firm takes the whole of this 
iterial, paying t)ie sura of £1,500 per annum for the same. 



GouROCK Municipal Cohporation- 



-POPULATION, 5,261. 
i9ni, 

Warnprs top twi. 

■2. 

1 Multitubular. 

Fan. 

Fan engine only. 

S tonx. 



GovAN Municipal Corporation — Population, 82,174. 

A 1802, 1804 and 1(1011. 

n . . . . . Warner's to[i tetl. 

c; 16. 

1) I Multitubular. 

E 120 feet. 

F Fan. 

. . , Fan engine and works purposes. 

H 80 tons. 

1 U. 

Paisley Municipal Corporation — Population, 79,363. 

A 1900. 

It HorafaU'a top fed. 

C 8. 

1) 1 Bftbcock & Wileox. 

E 180 feet. 

F Steam jet blowers. 

.... . Clinker eruslier, mortar mills and 

forced draught. 
H 62 tons. 

i OK 
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The total cost of this installation was £13,000; during the 
first eight months' working the Bum of £236 5s. was realized 
from the sale of crushed clinker and mortar. 



Partick Municipal Corporation — Population, 54,298. 
1902. 

Fryer's improved top fed. 
6. 

3 Babcock & Wii<-ox. 
153 foet. 

Fans and stoatn jet blowers. 
Electric ligliting. 
42 tons. 
I Is. lid. 

The three Bahcock and Wilcox boilers set between the de- 
structor cells are arranged for supplementary coal firing as may 
be necessary, while one additional boiler of the same type is also 
provided for firing with coal alone. 

The generating plant installed is as follows: 2 150 k.w. 
sets, 2 75 k.w. Bellis, Bruce-Peebles sets, and a Tudor storage 
battery of 184 cells. 

The following figures for three months' working ending March 
26, 1903, ore of interest- 
Tons of refuse delivered ....... 3,874 

Expenditure — Per ton. 



Wages 

Interest and sinking fund 

Stores 



Total expenditure . 



. 308 13 8-1 71 

. 213 10 3-1 1} 

3 11 3-00} 

. £S26 4 2 - 2 8i 



Revenue — Per ton. 

Steam sold to Rleotricity Department, being £ a. d. s. d. 

104.810 units at gd. per unit IG3 IS 6 — 10 

Clinker sold 7 13 2 — n| 

Balance, bein^ coat to biirgli of destroying 

refuse 354 15 7 — I 10 

Total revenue . . , .■126 4 2 - 2 8S 



Average nearly 27 unit« generated per ton of refuse destroyed. 
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Port Glasgow Municipal Corporation — Population, 16,857. 

A 1903.1 

B Meldnim's front hand fed, 

C 4 grates. 

D 1 Lancashirn, 2ft tt. x 7 ft. 6 in. 

E 120 feet. 

F ..... . Stoam jet blowers, 

G ..... . Not yot determined. 

H 25 tons. 



Bblfast Municipal Corporation — Population, 348,965, 

1901. 

Warner's top fed, 

12. 

2 Multitubular. 

160 feet. 

Fans, 

Fan engine only, 

100 tonA. 

Qd. 



Dublin Municipal Corporation — Population, 265,000. 



1894, 

Fryer'8 top fed. 



The bulk of t}ie refuse is taken out to aea and dumped. This 
system of disposal has loi^ been recognized as unsatisfactory 
in the extreme, but owing to the enormous sums expended upon 
electric lighting and traction, there is a very evident reluctance 
upon the part of the authorities to embark upon any schi.*me 
of sanitary improvement in so far as refuse disposal is concerned. 



in ponrse of erwtion, 
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REFUSE DISPOSAL AND POWER PRODUCTION 



Pembroke Urban District Council (Dublis)- 
population, 25,524, 



2 Babcock * Wilcox. 
120 twt. 

St«am jet bloweiv. 
Electric lighting. 
12 tons. 



I 



UK' 



Three supplementary coal fired boilers are installecl, tl~i 
being of the Lancashire type each 30' x 7', also a On-^| 
economiser. 

I'he power equipment of the station is as follows : 2 '2SO EAI 
three-crank Easton, Anderson and Goolden engines. tHrfm 
coupled to 4 75 k.w. Fynn dynamos, total capacity 30O k.o ] 
also 280 Chloride cells, capacity 800 ampere hours. 

Details of an evaporative test in connection with the d-l 
stnictor are here given — 

Date of teet June I and 2, I9O0. 

Duration of test . . .24 hours — 1 day. 

Number and type of cells . . Two cells single row Hora*- J 



itized by Google 



PTJS"E DESTRUCfrORS IN SCOTLAND AND IRELAND 

-Total ■wftt«r evaporated per lb. of 

refuse from and at 2 12°F.or lOOC. 1-21 lb.' 
Percentage of cliTiker and atih to 
ref iiao biirned 
-n nteam pleasure 

food t*mp«raturo B7° F. 

main flue t^mperaturo . l.fiOO" F, to 2.000° F. 

temperature l>e)iind boilem . fiOO° F. 



■ Two tables of evaporative tests in connection with destructors 
B here given, compiled by Mr. Frank Broadbent, M.T.E.E,, of 
>ndon, and Mr. J. A. Priestley, A. S.I., of Nelaon, respectively. 

In both cases the details given are sufficiently complete to 
,ake the figures of value for purposes of comparison. In many 
kstances it will be found that the complete figures of the testa 
ave bee!i previously given, as also such particulars of the 
istallations as the reader may find of interest in making more 
ritical comparison. 
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Chapter XIX 

REFUSE DESTRUCTORS ABROAD. 
AMERICA. 

AFTER perusing the recently expressed opinion of 
some American experts in the opening chapter, the 
reader will not expect to find any remarkable record of 
American practice in these pa^es. 

Many American destructors or crematoriee might be described 
as also some few Bystems of reduction, but no good purpose 
would be served by so doing. So many deBtructors or cre- 
matories have failed in America, while so many now in use are 
admittedly unsatisfactory, that on the whole a description 
of past and present systems would possess but little if any edu- 
cational value. The opinions of American experts already 
quoted very clearly explain the causes of failure in many cases, 
and of only partial success in others. 

Concerning systems of reduction, it may be fairly submitted 
that their record is on the whole quite as unsatisfactory as that 
of crematories. Although reduction still has many advocates, 
there is every reason to think that it will become increasingly 
unpopular, and at no distant date it is likely to be entirely 
abandoned. Reduction aa s system possesses several highly 
unsatisfactory features. Firstly, only a small proportion of the 
total waste is dealt with. Secondly, it is a process inseparable 
from nuisance, and nuisance of such a character as has never been 
known in connection with even our earUest destructors. Thirdly, 
it involves the erection of a very costly plant. Fourthly, the cost 
of operation is very high. And Lastly, it should not be forgotten 
that the erection and operation of such plants have always been 
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REFUSE DISPOSAL AND POWER PRODUCTION 

undertaken purely and simply as commercial ventures and not 
as sanitary necessities. 

To no slight extent has the last named factor also exercised 
a pernicious effect upon systems of destruction by fire. The 
commercial element has always been too prominent. In this 
country, we frequently hear of the commercial element also, but 
only in so far as a municipality is anxious if possible to make a 
sanitary system pay its way. 

There is clearly no comparison between this very laudable 
desire and that of the American contractor who contracts 
with a municipality to dispose of its refuse for a number of 
years on such terms as will at any rate ensure a profitable 
transaction for himself. The whole business partakes of a 
commercial and speculative nature which is unsatisfactory in 
the extreme. 

Whatever may be said for or against company and municipal- 
ity in questions of lighting or traction, it is clearly the duty of 
municipalities to deal with sanitary problems themselves. The 
contract system is unsatisfactory, and open to very serious 
abuse. It iii safe to say that if sanitary problems were faced 
ati they have been in this country, American practice would not 
only be interesting, but highly instructive. 

Having dealt with the general design and construction of most 
of the American crematories ' in a previous work, and as many 
of the various types therein described are no longer used, it 
would serve no useful purpose to i^ain describe a number of 
crematories which are for the most part weak in design, and 
which have a very unsuccessful record. 

To the British engineer it will doubtless be a source of satis- 
faction to know that in this particular branch of engineering 
we have nothing to learn from American design or practice. 

Likewise the British sanitarian must observe with pleasure 
the premier position of his own country, viewing with amazement 
the utter disregard of elementary principles of sanitary science 
shown by our kinsmen across the Atlantic. 

' S«; " Uffuse Disitosid in America, chapter xviii. Thf Etofwmie 
Diapoeai of Tounut' Ite/iuc. By W. Fraaciij Goodrich. 
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It is moBt difficult even if not impossible to compile anything 
like an accurate record concerning refuse disposal in American 
cities. Seeing that for the moat part both crematories and 
reduction works are operated by companies under contract 
and not by municipalities, reUable data cannot be obtained. 

The following report prepared by an expert, while being com- 
prehensive and interesting, only serves to emphasize the very 
unsatisfactory condition of refuse disposal in America. The 
weight of opinion among experts is all against reduction systems ; 
there are points in the reports of Mr. James G. Bayles here 
quoted in extenso which are distinctly in agreement with the 
opinions of other American experts previously quoted. In every 
case we have a frank admission of weakness — a clear indication 
that the whole question of refuse disposal has still to be faced. 

Board of Estimate and Apportionment. City of New Yohk. 

BoAKb Meetino at the Mayor's Offick, City Hall, Tuesday, 

October I. lUOI. 

Staxbment ' PRESENTED BY TuB HoN. liiRD S. CuLEK, Comptiijller. 
Tlio Comptroller prcBoiitod tlio following — 
James Bayles, M.E.I'li.D., Consulting Kiigiiicer tor Public Utilities, 
Gas and Water UndfrtakiiigH, Sanitation, etc. 

New York Office. No. 338, Park Uow Buildinom, 

OctiAer 2. 1901. 

Hon. Bird S, Coler, Comptroller ; Hon. Randolph Gucoenheiweb, 
Preeident of tlie CounciL 

" Sir, — I hand you herewith a report which seenis to eoticlude tiie 
firrit part of my work as expert for the eity in ttie matter of tlio invcatiga- 
tiun and valuation for purposes of purchaso of a plant of tlio New York 
Sanitary Utilization Company. 

" The conditiona were such an to impose upon me tlic conscientious 
obligation of advising that no steps be taken, looking to tlie expression 
of ' intention ' on the part of the city to buy the plant. 

" In tlio work done tliiut far I liavc not had opportunity to give the 
city the benefit of the investigation of otlier methods of garbage dis- 
posal whicli I deemed consistent witti the duties 1 was instnictod by you 
to iierform. The subject is a large one, and information concerning it. 
as exact as cAn be com|)iled from tlie ma-ss of inoro or lesn trustworthy 
' Wliicli was ordered on file. 
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REFUSE DISPOSAL AND POWER PRODUCTION 

official and unofiicial data, should be at the coiniituid of tha Board <rf 
Elatimate and Apportionment. In outline, I may say that my study 
of tlie subject satiufieii me that the garble sliould be disposed of an 
gathered, without accumulation on bcowh and tlutation, to a reuiot*^ 
point where a grc»t public nuisance may be maintained. 

" I believe that the coat of disposing of tlie city's organic refuse can 
be materially reduced, and that very much better results than are now 
reached are possible, t'/ the idea of tdilitation is ohandoned, antt that of 
destruction, by approved modem appliances is substUuied. I see no reasoa 
why this cannot be done at the dumps where the material ie now col- 
lected, and without creating any greatar nuisance tlian ia inseparabk 
from ite receipts in carts. I believe the whole system no^v employed 
ia crude, unscientific and expensive, and that New York is in a position 
to dispose of ita organic refuse more expeditiously, cheaply and satis- 
factorily, than is done in any American city. The inquirj' is a serioua 
one, and witliout special authorization I do not deem it my duty to enter 
upon it. 

" I await your further instructions. 

" Respectfully, 

"JAMES BAY1.es. 
" New YoaK, September 30, 1001." 

Hon. Bird I 



" Sir, — As tlie result of my i^tudy and Investigation of the question 
of the disposal of tlie garbage of New York and Brooklyn, and of tbe 
advantages or disadvantages to accrue to the city from the purctwHe 
of the Barren Island plaut of the Sanitary Utilization Company', under 
the clause of the contract of ISOli, which lias been ossunied to give the 
city tlie option of purchase, I advise tliat no steps be taken in the loattci 
of giving tlie notice of ' intention ' on behalf of tlio city, tor wliicli said 
clause provides. 

" A consensus of legal opinion would probably show that what lisa 
been assumed to be an option conferred upon tlio city by tlio contract 
of 1S96 is valueless. It would appear to have been so drawn as to adiuit 
of almost any inteipretation which may be put upon it. As it was dis- 
cussed at some tengtii in my report of September 12, I probably do not 
need to go over the subject again, furtlier tlian to say tliat subsequent 
conversation with the council of the Sanitary Utilization Company cud- 
vinceB me that if any one having authority to do so should give tlie 
required thirty days' notice of ' intention,' it would be interpreted an 
committing the city to the purchase of tlie plant, and might very well 
give rise to a costly litigation to C'Oiiiix>l '\X» acceptance, whatever tbe 
showing of the Company's books as to the rpHults of five years of operation 
under the best management obtainablo. 

" In the refiort referred to, I nspommond that if tlie required notice 
could be given on belialf of the city without constituting an exj>rc(wed 
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or implied obligation to take the Barren Land plant, that course be taken, 
to the end tliat the Board of Estimate and Apportionment might be put 
in ]>o>ts<Msion, by exgiert investigation, of the facts necessary to a deviition, 
whotlior it is to the city's interest to own it or nut. 

" I am now convinced that tlii>i course is impracticable. The couiieil 
for tlie Sanitary Utiliiuition Company are disposed to avail tlieinselveu 
of every technical advantage of interpretation, and the directors are 
obviouBly unwilling to have any iuveatjgation made pending a decision 
on behalf of the city to purchase. I attribute this to the fact tJiat the 
result of aueh inveatigotion would convince any impartial person qualified 
to form a judgment that the business is one without attractions for private 
capital, and with fewer still for a municipality. Not having received 
any confidential information from the iijanitary Utilization Company, 
but a great deal from well-informed sources which imyioned no obligations 
of confidence, I Jiave no hesitation in saying that I bplieve tlie business 
has thus far been unprofitable to the Company. It has employed a large 
capital, it now calls for important and costly extension, and has made 
no return to the stockholders. I have no doubt the Company would 
be glad to sell the plant and business, but the hopelessness of finding 
a purchaser if opportunity is offered for investigation makes the manage- 
ment reluctant to entertain a proposition to open its books to inspection. 

" From th« business jtoirit of view, I aui convinced that there is nothing 
in garbage utili;eatiun. Its two products are greetsu and tank!^;o. After 
the most careful investigation, which I liave Jiad opjwrtuiiity to make, 
I could not conscientiotiHly advise the municipal authorities to undertake 
their manufacture even if tlie Barren Island plant were given to the city. 

" At this date ' jiriino city tallow ' — tlie best grade of grease material 
— is worth 6 cents a pound. This is very higli, ita normal price being 
about 4J centa. Garbage ' grt^ase ' is black oil, in api>earance more 
reseinbling asphalt varnish of low grade than any other material with 
which I can compare it. If a parity could be established between it 
and tallow, it would now bo worth about 3^ ccnt«, but, as a matter of 
fact, it is almost unsaleable. For this there are two rea.'Utns : it is an 
undesirable inat«rial, and the increased production and loweV price of 
[lolin oil is displacing it from admixture with other material in uses which 
might be found for it if pahn oil were scarce and dear. It is accumulating 
in store at tlie present, and if forced on the market, it n)ust be sacrificed. 
With tallow high in price, and relatively scarce from the )>artial failure 
of the corn crop, the demand for it should be at a maximum, whereas 
it is at minimum. If the jirice of tallow holds, garbage grease should 
be nominally worth 2^ to 3J cents, and only moderate quantities could 
be sold in this country even at that price. 

"The export demand for this material is not st^-ady di'|)ondence. 
I liavo been in conforonco with a dealer, an expert in grease, who haa 
been several thni";* to Europe to make a market for American garliagc 
grease, and has always suci-i-eded in doing so. He tells me, however, 
that owing to its low grade and dark colour, which exclude it from use 
in soap-making oven in the eliea|>ost grades of laundry soap, he has been 
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unable to hold tlie bueinees tliue secured, and does not consider tliat the 
material can over compete succeasfuUy as a commercial product with 
grease' from other Bourcee. Should the city becan:ie a producer of gar- 
bago greaae, it would, no doubt, be possible for it to contract for its sale 
at a low price with a dealer willing to buy it speculatively, and carry it 
in stock where there was no market for it. Tlie city could probably 
not produce it for two or three timee its maximum market value, nor 
handle it commercially without heavy annual loss. The fire risk of s 
lai^e quantity of this material is also very great, 

" From the fertilizer dealers I learn that, while the dried material 
remaining after tlie grease and water has been expressed has a timit«d 
use SB a dilutent of cheap fertilizers, it is the lowest grade material of its 
olaas. Its nominal value in bags at works is about 6 dollars a ton, but 
the demand for it fluctuates, and it will not bear Ixansportation for any 
distance. Just now it is in very light demand, and a considerable quantity 
could be purchased at a price somewhat below its nominal market 
quotation. The reason the tankage of tlie Boston utilization plant is 
not saleable is probably that it will not bear transportation to a market 
where it is wanted. In the shape in which it is produced the farmer 
cannot use it profitably, even if it cost him nothing but cartage. 

" There is also a technical side to the business of garbage utilization, 
which is known only to a few, and to commtuul the experience which 
has been gained experimentally at so great a loss would undoubtedly 
cost t)ie city a large sum in amiual salaries. 

" Garbage carrieM from "2 to 3 per cent of grease, accordingly to thi- 
soason. Naturally it is lower in summer tlian in winter. To get it out 
by the procens employed by the Sanitary Utilization Company is appar- 
ently a very simple matter, but it is really very difficult. If tlie ' cooking ' 
is not just right, its separation is impossible. If the steam pressure e 
higlier than it should be, the whole mass is reduced to pulp, in which 
condition it all passes tlirough the straining clotlis in the pressai, and 
no subsequent separation is practicable. There are also conditions in 
which the grease forma an emulsion with the water, and will separate 
at any temperatiu^. The care and management of a plant are also 
matters requiring the skill gained from experience, and even tlien ila 
deterioration is rapid. The digesters are attacked by the acids and 
salts in the material treated, and are, at best, short-lived. It is impos- 
sible to tell wliat is going into them at any given time. Even the most 
complete qualitative analysis would fail to indicate what combinations 
are or may be formed during the cooking process. Disastrous explosions 
in different parts of the plant have occurred under conditions which 
rendered satisfactory explanations impossible. I have examined dis- 
carded tanks, which were honcycomlK^ by ene:^etic corrosion, and from 
tlicir appearance outnidc and inside, I should consider working in a plant 
of this oliaractcr an extra hazardous occupation. 

" Tlie record of utilization plants in this country and Europe, con- 
cerning which I have b<vn at much pains to advim- myself, lias bpen 
generaUy successful. That a majority of t))e plants built for grease 
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recovery have been deetroyed by fire would be significant if they were 
insurable, which I am told they are not. Such flree have usually ocouired 
when the companies owning the plants were in extretnis. The com- 
bination of grease-soaked timbers and careless operation ia a bad one 
from the fire risk viewpoint. 

" In Vienna, where the Byat«m of garbage utilization originated, I 
am informed that it is not at present naod, and I can loarn of no similar 
plant in Europe which is operating successfully. In this country the 
history of tlie principal garbage utilization plants may hastily bo re- 
viewed aa follows — 

Denver. — Plant destroyed by fire after an unsuccessful run. 

St. Patd. — Plant destroyed by fire, kindled by a mob as a protest 
against it as a public nuisance. It was supposed to 
be injurious to property interests in its vicinity ; it was 
not rebuilt. 

Buffalo. — Plant destroyed by fire after a period of unprofitable 
Operation. It ia now being rebuilt, but other than sound 
businees considerations are aaid to have induced its 
replacement. The money lossee in this enterprise are 
understood to have been heavy. 

Chicago. — Plant destroyed by fire, and not rebuilt. 

Miltvaukee. — Plant destroyed by fire, and not rebuilt. 

Detrtnt. — Plant crippled by fire, and rebuilt, but is understood 

not to have paid. The original capital of the company 

was wiped out. The inducement to rebuild is under- 

^. stood to have been an advantc^eous contract for the 

sweeping of the streets. 

St. Louis. — Plant destroyed by fire, but rebuilt and now running 
in a small way. Holders of stock in the St. Louis Com- 
pany tell me they have never received any returns on 
their investments. 

New Bedford. — Plant burned out twice, but rebuilt, and now 
running in a small way. 

Reading. — Undertaking not a success. I am informed that 
the capital of the company was wiped out In the losses 
of operation, and tliat it is now engaged in litigation 
with the city involving $100,000. 

PittdntTg. — Plant now in operation. The original company 
failed, but the business was taken up by a concern which 
is engaged in the fertilizer industry. As to its fiTiancial 
history, since passing into the present ownwahip I have 
no information. 

Symeuae. — Plant in operation, but it ia understood that the 
oonipany has made no money. 

PaUrs&n. — Plant was built by a strong company, with a liberal 
and broad-minded management. It was burned down, 
and was not rebuilt. 
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New OrUans. — Plant still standing, I believe, but the company 
which built it went into li(]uidation, having sunk ito 
capital. Cincinnati, Indianapolis Philadelphia, and 
Boston have operative garbage utilization plants. Tho 
same is true of Washinj^on, where tlie original investment, 
8200,000, was wiped out by the burning of the plant. 
N(>w workn were built, and arc understood to be ae satis- 
factory as any iti tlie country. 

" This vt prolukbly not a complete lint of American planbt of this 
Eeneral character, but it includes tliose of fcreatest proininpnee. In 
briefly outlining their liintory, I have Ruinmarized the best data obtairt- 
able, and believe that my information ia eoirect. It m known to every 
one for wliom the uubject has interest that millions of dollars have been 
lost in efforta to make a commercial business of garbage utilization. It 
seems to have unusual attractions for investors, who are allured by the 
promise of the recovery of lai^e profits from a waste material eostin;; 
nothing, and in unfailing supply. In no instance liave I foimd a situa- 
tion warranting the belief that, a.s a business venture, tlie building of 
a utilization plant as a business undertaking has not illustrated what 
tlie late Senator Conklinc described as "the briglit b^inning and the 
bitter end of a halcyon and vociferous proceeding.' I am not prepared 
to say that the progress of the arts will not ultimately give us a method 
of extracting grease from garbage profitably, but of tliis, as of the gold 
in sea water, it may be trutlifully said tliat it now costs more to get it 
than it is worth when recovered. The eliemicai Industries fiuiiisli many 
like problems, and much value is wasted because it does not pay to 
save it. 

"In my report of September 12 1 described in sufficient detail the 
plant of the Sanitary Utilization Company on Barren Island. Should 
the city desire to engage in tlie business, I am not sure that it could b^in 
to best advantage by buying that plant. It is experimental from the 
first, and has admittedly cost a great deal more than any conscientious 
appraiser could Bcce})t as it.-< present valuation. The company has had 
to feel its way through a grfat many difficult problems, others confront 
it which are not yet solved, and notwithstanding the liberal compensation 
received from the city, the stockholders claim to have had no return 
in dividends. Furtlier considerable investments in machinery are 
immediately necessary, and the replacement account must be burdensome. 
I think it doubtful if, for another year or two at lea-it, its garbage con- 
tract will be satisfactorily profitable. I am assured that its operation.1 
under the five-year contract of 1808 were not. 

" The principal argument «dvan<'ed by the advocates of garbage 
utilization is based on the ' sanitary advantages ' of this metliod of dis- 
posing of the organic waste of a eitj'. Whether these advantages are 
more or less depends upon the method chosen as offering a standard 
of comparison. Utilization is unquestionably better than 'tipping* 
or dumping at sea, or allowing piitresrible refuse to accumulate in cities 
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and congest or clog the avenues of dispoaaL I am not at all sure, how- 
ever, that it is the beet, cheapest or safest way of disposing of the garbage 
of New York. Indeed, I am convinced that it is not. Certainly it is 
not the method the city should adopt in handling this material on its 
own account. 

" It may not be outside tlie scope of my duties as a technical adviser 
to remind you that the longer New York remainB dependent upon a 
private company, the higher tlie price it will have to pay to renew 
periodically itn garbage disposal contracts. 1 think I may also venture 
the opinion that the more absolute itn dependence upon such company, 
and the great«r the amount of the material to be handled, tlie less satis- 
factory, from a sanitary point of view, will be the result. 

" I reepeetfuUy recommend that the subject be token up for investiga- 
tion by the city, with a view to the preparation of an exhaustive report 
on the best and clieapest method of garbage disposal for New York, 
either by contract or as a municipal enterprise. Meanwhile, in view 
. of the facts above stated, I advise that no steps be taken, looking to the 
possible purchase of the Barren Island plant of the Sanitary Utilization 
Company. If any possible value attaches to an option-of-purchase clause 
in a garbage contract, the clause conferring it should be so drawn as to 
mean something. Firially, if the Brooklyn contract is made for one year, 
the collection of the data necessary to a decision as to the measures 
necessary to be token for the protection of the city's interests cannot 
be taken too soon. 

" Respectfully, 
^ " James C. Bayles, M.E., Ph.D." 

Although patentees of American orematories ore frequently 
loth to make the admission, it is nevertheless true that every 
attempt yet made to destroy garbage by fire has necessitated 
the use of a considerable weight of added fuel, and the cremator 
or secondary fire is an integral part of every crematory yet 
devised for dealing with garbage. 

Fig. 92 is a longitudinal section of the " Dixon " crematory, 
a representative American type. It will be observed that not only 
are two cool fires provided, bne at the end of the main destroying 
chamber and the other immediately underneath at the end of 
the evaporating chamber, but in addition a third fire, coke fed, 
is arranged at the chimney base. 

Now those who are intimate with the composition of refuse in 

the South of England in midsummer are well aware that such 

refuse is in the main garbage, pure and simple ; yet in spite of this 

no secondary fire or fuel is used, and in summer, as in winter, power 
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is supplied for the various municipal purposes herein discussed. 
This cannot be disputed. Day by day the work goes on, and 
there are several examples, notably sewage works, where no 
other fuel but refuse has been used since the destructor was 
erected. 

Notwithstanding the use of coal, coke, or other fuel in con- 
nection with American crematories, complaints concerning 
nuisance are frequent. It is true that within the past two or 
three years complaints have been less frequent, but possibly 



Fro. 02. The Dixon Crematory. 

this may be attributed either to the use of a lai^r proportion of 
added fuel, or increased vigilance. Certainly there has been 
no drastic improvement in design, or indeed any improvement 
which would tend toward the avoidance of nuisance, unless 
a good proportion of added or secondary fuel be used. 

Owing to serious complaints of nuisance at Trenton, N,J,, 

where a crematory of the " Davis " type is installed, a consulting 

engineer was engaged to investigate and report to the city 

authorities — firstly, as to the nature and extent of the trouble, 
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and secondly, to make such recommendations as might be needed 
to improve the installation. 

Complaints have been made concerning the escape of dost from 
the chimney, and it was also alleged that escaping sparks had been 
responsible for fires in the immediate neighbourhood of the works. 
Afl the result of investigation it was clearly proved that sparks 
were discharged from the chimney, and that they occaaionally 
travelled a distance of 150 to 200 feet from the chimney. 

The installation at Trenton comprises two " Davis " cre- 
matories, each consisting of a combustion chamber, a drying 
chamber (having an evaporating pan beneath), and also secondary 
fire grates. The works are situated in a thickly populated 
neighbourhood. The chimney is 120 feet in height, and is 
approached by a somewhat contracted main flue, in which is 
arranged a set of screens to intercept dust particles. 

Presumably the Trenton plant may be considered as a modem 
example ; if this be so, then it must be admitted that much remains 
to be done. When it becomes necessary to intercept dust by means 
of screens, a serious weakness in the design is at once manifest. 

As the result of the investigation, recommendations ■ were made 
which if adopted would certainly tend to ensure satisfactory 
working thereafter, and it is interesting to observe that the vari- 
ous recommendations made are such as would be made by a 
competent engineer having experience of destructor work, thus 
at once emphasizing the soundness of the views expressed by 
such authorities as Mr. Rudolph Hering and Colonel Morse. 

Some details of a test carried out with the Trenton installa- 
tion are here given — 

KKSIII.T3 OP Operation or the Garbage Crematory at Trenton, 
N.J., FOB One Week, Auoubt 4-ft, lft02 (iNrnisiVE). 

Total garbage burned 1880 tons. 

Garbage burned per day 31-3 ,. 

Cord used on main fire» 10 7 „ 

Coal ugfd on aiixilianj fires (witimated) . . 3 „ 
Total coal used 13 7 „ 

' Sep Proeeedingn of the. American Societi/ of Citnl Engineers, vol. xxix.. 
No. 1, January, 1903. 
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Coal used per day ...... 2-3 tons. 

Garbage burned per ton of coal .... 13-8 „ 

Approximate average time of operation per day . 14 hotirs. 

Equivalent number of days of 24 hours . . 3-5 days. 

Equivalent garbage burned per aq. ft. gtatei area per 

day of 24 hours 1,080 lb. 

Equivalent amount of garbage burned per cell of 

25 sq. ft. per day of 24 honm .... 13-5 tons. 
Estimated total weight of clinker from garbage and 

coal grat*« 14 „ 

E]atin)at«d weight of aahee from oahpita . . 3 „ 

Percentogeof asliee and clinker to garbage burned. 9-1 per oent. 

Range of t«mperature of gases in chimney . 600-1.000" V 

Percentage of moiature in garbage . . . 81 pe 

Corresponding water evaporated daily in furnaces 25-5 ) 
Quantity of coal required per day, to evaporate thia 

water on a beeis of 10 lb. of water per tb. of coal 2 5 



Reduction v. Destruction. 
As already observed, the former system only provide 
disposal of a comparatively small portion of a city's wai 
render such a system of disposal workable, it devolves u 
householder to keep tiie various classes of waste distinct 
the collection of the waste, separate collections are dei 
because the bulk of the total waste has to be disposed of otherwise 
by the authorities. Fig. 93 illustrates the sorting of refuse 
at Boston, where a crematory of the Morse-Boulger type has 



The general average composition of the refuse of an American 
city would seem to conclusively show that sufficient material 
of good calorific value is collected to readily destroy the objec- 
tionable portion of the refuse, always providing of course that the 
whole be burned in an efficient destructor. 

The refuse of an average American city is of the following 
composition — 

By weight. By volume. 

Garbage 13 per cent. 18 per cent. 

Aahee 80 ,. „ '>'..,. 

Kubbisli 7 „ „ 26 .. „ 
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Ordinary kitchen garbage consists approximately of — 

By weight. 
Animal and vegetable niatter ... .20 per cent. 



It has been estimated that in a city such as New York, no 
^ than 20 per cent, of recoverable coal is contained in the 



Flo. 93. Boston Refuse DisrosAL Works. Sortino Room. 

ashes collected from private houses and apartment houses. 
This being so, then it is a very strong argument in favour of 
the erection of destructors ; such material would be found of im- 
mense value not only for effectually cremating the organic and 
objectionable waste, but in providing an immense amount of power 
for various municipal purposes. 

According to the late Colonel G. E. Waring, jun, ' " city gar- 
bage from kitchens and markets consists of about 7 per cent, of 

' See Report on the Final I>isposilion of the Waslrn of New York. By 
George E. Waring, jun., CommisMioncr, 1896. 
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rubbish — cans, bottles, rags, etc., 70 per cent, water, 3 per cent. 
grease, and 20 per cent, of a mixture of animal and v^etable 
matter of a dry character. 

" To cook the raw garbage and separate it into the four sob- 
stances (i.e.) rubbish, water, grease, and fertilizer material, is the 
object of all garbage reduction or utilization systems. 

" The rubbish has scarcely enough value to repay its separs- 
tion, and the water has none at all. To get rid of these two sub- 
stances, averaging 77 per cent, of the whole, is the expensive part 
of any reduction process." 

It is beyond dispute that the cost per ton dealt with by a 
reduction system is very high, so high indeed that taking every 
factor into account it may be submitted that it would be possible 
for an average community to dispose of the wfude of its waste i 
for very Uttle extra per ton than has been cheerfully paid for the j 
disposal of a portion only. 

In order to arrive at a basis for fair comparison, one mnst , 
take into account the whole of the capital and standing charges 
for areduction plant, not forgetting the depreciation, which most 
ever be a very serious item, because we are comparing the cost 
with that of a system which deals with the whole of the waste. 

The assets must of course be allowed for, but it may be ob- 
served in this connection that such assets have up to the present 
not shown themselves to be of equal value to the assets from a 
modem destructor plant. 

The costs in connection with a reduction plant usuaUy cover 
the collection and transportation of the garbage, and it is but fair 
to point out that a modem destructor can be erected on a central 
site, such a site as ensures the minimum cost for coUecticoi, 
while on the other hand the reduction works cannot under any 
circumstances be erected within a city, and for purposes ot 
argument we may therefore assume that the collection costs 
would be doubled. 

Further, all available figures clearly show that even a first- 
class modem destructor, complete with steam boilers, can be 
erected for less money than a reduction works for a city <rf 
similar size, while in the case of the former the whole of the 
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refuse is dealt with, and in the latter case the small percentage 
of garbage only is treated. 

If we compare the coBt for lahom* and materials per ton of 
material dealt with, the destructor again has the advantage. 
A greater variety of labour ia required for the operation of a 
reduction works, and the proportion of skilled laboiu: demanded 
compares badly with the destructor and its direct and simple 
process. 

Having briefly reviewed the comparative economic aspect, 
we may now turn to the sanitary aspect. The former has been 
first dealt with because, as already pointed out, the reduction 
process has been for the most part regarded as a commercial 
venture. 

In the first place, no system can be regarded as sanitary which 
does not provide for the disposal of the whole of the waste of a 
community without sorting. Even when the garbage is delivered 
at the reduction works, a system of hand sorting ia essential. 

Again, ample evidence is available to conclusively show that 
reduction works are usually productive of nuisance ; in fact, 
the process would appear to be inseparable from nuisance, 
although it is claimed that a high standard of perfection has 
now been reached. 

It is idle for the advocates of reduction to contend that 
the system is more profitable, commercially speaking, than 
destruction and power production. This can only be deter- 
mined by making careful comparison between a reduction 
uystem and a modern destructor supplying power, paid for at 
a reasonable rate. Further, the clinker has to be taken into 
account, this frequently being a good source of revenue. 

The modem destructor, as we understand the term, is unknown 
in America ; the immense amount of power obtainable coincidently 
with the destruction process has yet to be realized, as also the 
value of the residuum and its ever wideiiing sphere of usefulness. 

It is not exaggeration to say that if it were possible to erect 

two large modern British destructors in New York, destroying 

sufficient refuse to operate about 200 electric cars for eighteen 

hours daily, reduction would at once become an impossible 
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system. Separate collection of the waste and sorting woulc 
cease entirely, and destruction by fire would speedily l>ecoiiie 
as popular as is the case in this country. 

As already indicated, the commercial aspect has counted for 
much in the development of reduction, and it may be fairly 
assumed that the commercial aspect of destruction, once demon- 
strated, would appeal strongly to a people possessing no mean 
utilitarian record. 

To the British student of the subject it must be obvious 
that the power aspect of refuse disposal alone is likely to induce 
a commercial people to abandon that laiaser faire attitude con- 
cerning their filth, which is the most serious stumbling-block 
to sanitary progress. 




CANADA. 
Montreal — Population, 267,516. 

The refuse of the Western district of this important Canadian 
city is destroyed in a destructor or incinerator of the Thackeray 
type. Fig. 94 is a cross-section of the Thackeray destructor as 
erected in Montreal. It will be observed that in design it is 
very similar to the original " Fryer " destructor. Twelve ceUa 
are provided, arranged back to back, each cell having a grate 
area of 72 square feet. 

The chimney is 175 fe<^t in height, and a fume cremator has 
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been erected at the chimney baae. Natural draught only is now 
used. Fan and steam jet blower draught have both been 
tried and abandoned. A steam boiler wliich was origimilly aet 
at the chimney end of the main flue has been removed. 

The destructor was erected in 1894 at a cost of $41,000, and 
has been in constant operation ever since. During the year 1901 
13,659 tons of refuse was destroyed at a cost of $12,778, 
equal to about 93^ cents per ton of refuse destroyed. 

.Analysis of "Household" Hefusg or Montreai.' 

8»unraer. Winter. 

Kitchen waste . , .65 per cent. 25 per cent. 

Paper 15 „ „ 10 „ „ 

Tin cona, bottles, old boots, 

rags, etc. . . . 10 „ „ 5 „ „ 

Ashes 10 „ „ 60 „ „ 

The high percentage of ashes in winter is of course due to the 
low temperature, the lowest temperature in the winter being 
given as 26° F., and the highest summer temperature 93° F. 
in the shade. 

The author is indebted to Dr. Elzear Pelletier, of Montreal, 
for the foregoing information concerning the disposal of the 
refuse of that city. 

SOUTH AMERICA. 
Bahia. 
About a year since this municipality decided to erect three 
destructors to the design of Mr, Price Abell, a British engineer. 

Buenos Ayres (Argentine). 
A small experimentary destructor was erected by Messrs. 
Baker about two years since. 

Georgetown (British Guiana). 
A small destructor of the Fryer type was erected hero 
several years since. 

' Analyuia made by Mr. J. E. DorA, Municipal Sanitary Engineer. 
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Manaos (State of Amazonas). 
A three-cell Colwell destructor was erected here by Mesa 
Baker in 1901 ; two Hornaby water tube boilers were provide 
these being set between the cells. 

Paba {BrazQ). 
Some twelve years ago a small destructor of the Krra 
type was erected here, followed a few years later by a HorsfaL 
destructor of the top fed type. 
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Peru. 
While a few cities on the eastern seaboard of South America 
have adopted modern destructors, the time-honoured system of 
tipping, perhaps in its most objectionable form, is still practised 
in many large cities on the west coast. According to a recent 
report from the capital city of Peru, one refuse tip known as 
" Tajamar" is still being added to day by day, although it has 
been in existence ever since Lima was founded. 

As the city was founded in 1535, the " Tajamar " tip will 
probably rank as the oldest deposit of its kind, and it furnishes 
striking evidence of that apathy and disregard of sanitation 
which is a feature of most countries administered by Spaniards 
or those of Spanish descent. 

One of two brief extracts from the report already alluded to 
will doubtless be of interest — 

FarU 11. — DtmtniccioH de la Buaura. — Koferring to tiio "Tajamar" 
tip, tlie writer reinarka :'" It is aituat«d in tliu river bed, and now reaches 
a height in places uf fruni 15 to 29 metres. . . . 

Keferring to another tip, known an tlie " Martinetto," we are told — 
"1 noticed several persons at this tip wlio were sorting t)ie refuse, and 
I believe tliat people sleep there at night. The great objection to this 
practice is tliat these j>eoplo niix with tiie rest of the inhabitants in the 
streetii, and are liable to traiuinut any disease that they may liavo con- 
tracted at these dust heaps. ... I consider that all refuse lieaps sliould 
be surrounded by a fence, so as to prevent access to thoui by the public. 

. . . Alongside of tlie Hospital de Mayo there in a piece of waste 
ground on which loads of street sweepings and other refune ia deposited, 
altKi tieveral dead Bniiualx ; this is a moat objuetionable practice in such 
cluttu proximity to an hospital." 

Such is the report of a British engineer concerning the refuse 
disposal of a city now having a population of over 20(J,OUU, and 
one of the finest South American cities. 

CONTINENTAL PRACTICE. 
Continental practice is, perhaps, of greater interest to the 
student, emphasizing as it does the excellence of the British 
destructor, and clearly showing that our British practice can 
only be emulated by the adoption of British destructors. 
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Destructors of Continental design have been but few in 
number, and their record is not a satisfactory one. As in America 
so on the Continent, the problem has never been approached as 
a problem, and consequently it remains a problem. Such 
British installations as have been erected and which axe here 
briefly recorded have on the whole been very satisfactory. 

The wretched practice of tipping refuse, so common in this 
country, is in vogue all over Europe. That it is not so severely 
condemned in many Continental countries by the medical pro- 
fession as is the case here is quite true, but such indifference is 
no argument in favour of a filthy system. Such laxity but 
serves to show how assiduously our medical officers of health 
attend to their primary duty — the preservation of the health of 
a community. 

Sorting and utilization is extensively practised in Continental 
cities. According to some reports, it possesses economic 
advantages under the peculiar existing conditions, but by no 
stretch of the imagination can such a system be called sanitary. 
In this country some of the strongest opponents of all systems 
of sorting and utilization are found among our medical officers 
of health, and such systems, which have never been popular here, 
are now almost entirely discarded, and it is quite certain that a 
revival is impossible. 

When our Continental neighbours inspect destructors in 
this country, as frequently happens, their investigations are of 
the most searching and thorough character. The author has been 
impressed many times by the determination of the foreign 
visitor to see all that is to be seen, and to so see that he under- 
stands clearly. 

Close investigation in a destructor building often involves 
much personal discomfort, but our foreign visitor is not daunted : 
he appears quite wilhng, if necessary, to ruin a suit of clothes 
rather than gather a mere hazy notion concerning something 
which may not be quite clear to him. 

The copious notes taken, the intense interest shown, and the 
discomfort endured, all stand out in sharp contrast when com- 
pared with the visit of the average British councillor, who too 
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often likes to stand at a very considerable distance from that 
which he has come to see. Our British visitor coughs when 
there is no occasion to do so, and sometimes pinches his nose 
when looking into a cell at almost white heat. He does not like 
to come too near, it is unpleasant, whereas if it were possible to 
get closer to any object of interest by proceeding on all fours 
our foreign visitor would not hesitate to do so. 

However well a destructor works may be designed and 
managed, close investigation of actual working conditions is 
impossible without some little personal discomfort to the lay 
visitor. It may perhaps be granted that the atmosphere docs 
not inspire searching investigation, but the fact nevertheless 
remains that deputations are sent to investigate, and it gives the 
author no pleasure to remark that the example set by many 
Continental deputations might worthily be followed by British 
deputations. 

It will be observed that although comparatively Uttle has 
been done on the Continent in the way of final and sanitary 
disposal, yet some notable cities liave shown the way, and while 
progress is slow, there is every indication that disposal by fire 
will ere long be recognized as the only solution. 

Brussels (Belgium). 

A destructor of the Horsfall type, comprising twenty-four 
cells, top fed and arranged back to back, has recently been 
erected at the " Quai-de-la-Voirie." Four water tube boilers 
are provided, and also two centrifugal dust catchers. Electric- 
ally driven fans supply forced draught to the cells. The chimney 
is 45 metres high, having an internal diameter of 250 centi- 
metres.. The destructor has a capacity of 150,000 kilos per 
twenty-four hours, and the power is used for works purposes, 
including the fans already mentioned, electrical cranes for lifting 
the refuse on to the top of the cells, also for the electric lighting 
of the works, and the operation of a clinker utilization plant, 
including screens and crushers. 

Fig. 96 is a block plan which shows the general arrangement 
of the plant at Brussels. 
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Fhederiksburg MuNictPALtTY (Copenhagen), 
Denmark. 
A targe destructor of the Sterling tj^e has recently been 
completed, boilers of the Babcock & Wilcox type being provided 
in connection therewith. The available steam power will be 
used for heating and lighting purposes at a large hospital in close 
proximity to the destructor works. 

Gibraltar. 
A two-cell Fryer destructor was erected here about ten years 
since. The height of the chimney is 90 feet. About fifteen 
tons of refuse is destroyed daily. 

Berlin (Germany). 

A number of experiments have been made in this city. In 
1895 a three-cell Horsfall destructor was erected, followed by a 
two-cell Warner destructor, but after exhaustive experiments 
it was decided not to instal further cells of either make. 

Owing to the unusual composition of Berlin refuse and the 
freedom from combustible material, considerable difficulty was 
experienced in securing a vigorous combustion, both with steam 
jet blower draught and fan draught. Latterly experiments have 
been made with a furnace of German design, and in so far as 
temperature and efficient combustion is concerned, very satis- 
factory results were obtained ; it is, however, but fair to add 
that a considerable quantity of coal dust has been used to assist 
combustion. 

Hamburg (Germany). 
A thirty-six-cell Horsfall destructor was erected in 1895. 
The cells are of the top fed type, and arranged back to back. 
Four multitubular boilers are set in connection with the cells, 
supplying power for the electric lighting of the works, also for 
operating electric cranes, fans for forced draught, clinker crushing 
and screening plant, as well as for pumping purposes. The 
chimney is 486 metres in height, and 24 metres internal 
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diameter. During the year ]900 an average of 270,288 kiV^ 
of refase was destroyed per twenty-four hours. 

Monaco. 

A four-cell Horsfall deatructor was erectiEd here in 1898 ; tb* 
cells are of the top fed type and arranged back to back. Our 
water tube boiler, having 75 square metres of heating 8urf»oe./ 
i3 set in connection with the cellB, but the steam power is usee I 
for forced draught only. The chimney is 35 metres in heig&! 
and 1'30 metres internal diameter. About thirty tons of Fefibr 
is destroyed daily. 

Paris (France). 

In 1895 a small experimental destructor was erected at tbf 
Javal municipal workships at a coat of about 25,000 frsoo. 
The cells were of the modified Fryer type. Although fairiy 
satisfactory results were obtained, the plant was not extended 
and to-day Paris is still confronted with the refuse disposal 
problem. 

Zurich (Switzerland). 

A twelve-cell Horsfall destructor has recently been erected 
the cells are of the top fed type and arranged back to bart 
Two water tube boilers are provided, and power is supplied i<x 
works purposes, forced draught, etc. This installation is vert 
similar to that at Brussels, already described and illustrated. 

SOUTH AFRICA. 
Durban (Natal). 
A four-cell Warner destructor was erected here in 1899: » 
further destructor is likely to be erected very shortly. 

East London (Natal). 
A four-cell Warner destructor was erected here in 1900. 

Bloemfontbin (Orange River Colony). 
The municipality have recently decided to erect a small 
destructor of the Horsfall type. 
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FiQ. B7. JoFi*NNf:*HrBQ Dkstriti-tob. FiTHUACB Ironwork fob 4 Cells, 

HrrrUd In Hoaui. Ucldruni's Slu>pa, TImpcricy. 

Johannesburg (Transvaal). 
A destructor of the Meldrura improved top fed type is now 
being erected in thin city. The plant eompriaes two four-f{rate 
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unit deatructore with regenerators for air heating, and two ; 
Babcock & Wilcox boilers, each having 1 ,966 square feet of heating 
surface. The capacity of this, the first modern destructor to bt 
erected in South Africa, ia 120 tons daily, and it is anticipaUd 
that a very useful amount of power will be produced therefrom 
for works purposes. 

Fig. 97 is a view of the furnace fronts and ironwork in tbf 
maker's erecting shop prior to shipment. 

The destructor plant will he contained within an iron building, 
and a sectional steel chimney, 100 feet in height and 6 feet internal 
diameter, lined with firebrick throughout, will be erected. 

Under the Boer regime the question of refuse disposal vai 
often discussed, but such obstacles were always presented that 
it was found impossible to acquire a suitable site. It is iutere«tiii^ 
to observe that at least one year before the conclusion of hos- 
tilities Major W. A. J. O'Meara, R.E., was deputed to prtxxfd 
to this country on behalf of the municipal council to investigate 
and report to the council concerning the progress made in fireat 
Britain in final and sanitary refuse disposal. The work now in 
progress ie the direct outcome of Major O'Meara's inveatigatioffi. 
and the startling and rapid change from the filthy methods 
previously in vogue augurs well for the future sanitary conditions 
of large South African municipalities. 

AUSTRALASIA. 
Melbourne (South). 
A twelve-cell Fryer destructor was erected here about eleveii 
years since ; it is, however, reported that this is no longer ased. 

Melboitrne (Victoria), 
A two-cell Cracknell destructor was erected here some fiv* 
years ago, mainly for experimentary purposes. Although favour- 
ably reported upon by the city surveyor, the installation was not 
extended. The Cracknell destructor was of Australian design, 
and, although capable of doing satisfactory work, the temperature 
obtained was not sufficiently high, 
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ToowooMBA (Queensland). 
Early in 1902 a two-cell destructor of Meldnim's improved 
Beaman & Deas type waa erected, together with one Babcock 
and Wilcox boiler. This destructor was specially designed for 
destroying excreta, this material being destroyed with refuse, in 
the proportion of three parts of excreta to one of refuse. 

The nature of the work being done by this destructor is 
probably without parallel anywhere ; it is nevertheless being 
successfully operated without offence, although the chimney is 
but 40 feet in height. 

Being specially designed for the work required, every possible 
provision was made for ensuring the constant exhaustion of all 
fumes through the fire. Further, careful provision is made for 
the easy cleansing of the containing hoppers, it being essential 
that notwithstanding the nature of the work the building muat 
be free from offence. 

Sydney (New South Wales). 
A six-cell Warner destructor was erected here in 1902. 

Annandale and Leichardt (Sydney, New South 
Wales). 

A destructor of the Meldrum Simplex type was erected 
here in 1902, and being the first of this type to be erected in the 
Antipodes much interest waa centred upon its performance. The 
installation is only a small one, comprising a two-grate unit 
destructor, together with a regenerator for heating the air, supply 
for combustion and a Cornish boiler. The guaranteed destroying 
capacity of the plant was one ton per hour. 

The foliowii^ report of the official test is of injtcrest, this 
being conducted by Mr. W. M. Gordon, the city surveyor of 
Sydney, 



itizedbyGooJ^le — 



REFUSE DISPOSAL AND POWER PRODUCTION 

ANNANDALE AND LEICHHARDT GARBAGE DESTRVCTOR. 
Reports to the City Council on a 48 hotjbs' Test. 
City Survevob's Report. 

I have tho honour to report that a teat lian bpcn made of the 
desUiietor known as tlio Moldrmii Simplex, of two celU, recently orffti'd 
for the Annandale and l.cicl)hardt CoiinciU, for wliich purport*" tlie City 
Council supplied garbage, and had an ofHcer present throughout tl>^ trisJ- 
The worlt commenced at 4 p.m. on Tuesday, 28th, and was coTni>let«d 
at 4 p.m. on Thursday. 30th ult. 

The total amount of garbage consumed during tho 48 hours was 
00 tons 18 cwt. qrs. 14 lbs., made up as follows — 

Tons. CnU. Qm. Lb*. 

City Council's Garbage ... 37 30 O 

Annandale and Leichardt Coiinoirs 

Garbage 23 15 14 

Thifl is equal to 15 tons 4J cwt. per cell per 24 hours. 
The total residue was 24 tons 4 cwt. 1 qr. 24 lbs. {equallinp ahout 
40 per cent, of the whole), mado up as follows — 



Ashes 3 11 10 

The total cost of burning was £4 IRa.. or \s. Ojtf. per t«m. Care 
was taken tliat as nearly as possible the same class of garl>ago wan s^W 
to this destructor as to tlie Perfectua at Moore Park, viz. first loA<t^ 
at night, early morning service, and trade refuse; and no comptaintH wen* 
received. 

The garbi^e from Annandale and I.eichhardt was not good (e«p<^iBUt' 
the latter), as it contained a large percentage of dust, burnt as)mt. and 
yard sweepings. The loading on the 20th and 30th was very wet owinf: 
to the heavy rain, and mor<' difficult to burn. More [larticularly doe* 
thi-4 apply to tlie garbage conveyed by tlie Annandale and Lt-ielihardr 
carta, which are uncoveroti. 

A feature of the destructor is that< t)ie garbage is all slmvolW 
through the furnace doors, and although I was at first not fa^'ourably 
impressed with the idea, I am now convinced after demonstration that 
it Ls a marked improvement upon the dumping in of large quanlitif^ 
through hoppers over the furnaces. 

Steam is used for the forced draught, and tlie temperature is veir 
great, and, after experience with the Pinhoe and Perfectus, I am 
convinced that a much higher degree of heat is obtained in the Simplex. 

There is no difKculty in keeping up steam, as. after the start, tin- 
steam never showed less than 65 lbs., and reached as high as 80 lbs. 

TJie destructor is worked with two men in three shifts of 8 hour* 
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eacli, and only two men out of thi> six men employed had had any provioua 
experience in the work. 

The rate of wages paid ia 8». per diem, and consequently the cost 
i3 great«r than it should be, as — 



The CO 


«t per ton (wages a 


t »». per diem) is . . . 


. la. 


6Jd. 


Wliile „ 




7h. „ would be . 


. la. 


41d. 



The wliolp of the residue was kept Fi(>parat«>, and, unfortunately. 



was saturat-pd with rain. Tliprefore. tiic trial may bo said to be a severe 
one, inaMinuch as the Rarbage wan wet, and the weight of residue increased. 

lI|)on examination of the retiidne, there can bo little doubt about 
the completeness of the d«itruction, and although exception might he 
taken to the clinker, I am convinced that with the amount of dust and 
earthy matter it would be impossible to produce a much better clinker. 

During the trial the deetructor was inspected by Dr. Ashburton 
Thompson and the Medical Officer of Health tor the Metropolis, the latter 
of wliom is making a complete report to the Board of Health. 

I am of opinion that the trial was in every way a most satisfactory 
one, and the results will no doubt be gratifying to the two suburban 
Councils, who are to be congratulated upon their combined efforts to 
[■ope with the destruction of garbage by fire. 
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I have to expreati my thanks to Mr. Hinsby. Council Clerk of Annas- 
dalp, for hie roady and willing asaUtance. 

I have the honour to be. Sir, 

Your obedient een'ant. 

W. M. GOBDON. 

City Sur\-ej-or- 

P.S. — Thp roat of wpighinft and xvofcfn of Council's offirfnt will hr 
charf^l to the comhinrd Coiinoiifi, an acpount of which will be fonrardnl 

Fig. 98 iB an external view of the works, during course of 
erection. 

Christchubch (New Zealand). 

A destructor was erected here in 1901, comprising four 
cells of Meldmm's improved Beaman &, Deas type, and two 
Babcock & Wilcox boilers, this being the first modem hi^ 
temperature destructor erected in the Antipodes. It was not 
anticipated that any serious amount of power would be obtained 
from New Zealand refuse, but in order to determine exactlv 
what power was available, exhauative teste were made over 
extended periods with very satiafactory results. 

After thus demonHtrating the possibilities of the destructor 
for power production, the Council decided to instal the foUowii^ 
electrical plant for public and private lighting — 

Two Davey Paxman high speed three-crank compound con- 
densing engines and two Westingbouse 100 k.w. 250 volt com- 
pound wound D.C. engine type multipolar generators. 

Steam is supplied to the engines at a pressure of 150 pounds 
to the square inch. The engines are mounted on extended Ymx 
plates, and direct coupled to the generators. It was not antici- 
pated by the destructor makers that sufficient power would be 
obtained from the refuse to warrant such a combination, and 
such a cane as this but serves to show that the production trf 
power from refuse is not likely to be confined to Britain. 

Wellington (New Zealand). 
A six-cell Fryer destructor was erected several years ago. 
The Council now have under consideration several schemes far 
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a modern destructor and power plant, and it is likely that a 
large new plant will be erected in the near future. 

INDIA. 
Calcutta. 
A four-cell Horsfall destructor was erected here in 1891. 
Ten years later the municipality issued a specification inviting 
schemes and tenders from Britiali destruotor makers, but the 
conditions embodied in the specification were such as to elicit but 
little response from destructor makers in this country. It was 
eventually arranged to make a trial of the Baker destructor, 
but as the installation has only recently been completed no 
information is yet available. 

Bombay, 
An experimentary destructor was erected some five years 
since by Messrs. Garhck & Cliristenson of this city, but the instal- 
lation was not extended. The authorities decided to reclaim 
some low lying land at Coorla and Devnur, on the Great Indian 
Peninsular Railway, where the refuse or kutckra of Bombay is 
now taken by rail, at great expense to the municipality. 

I Karachi. 

A six-cell Warner destructor has been erected in this city. 

MAnBAS. 

A twelve-cell Warner destructor was erected here several 
years since, and more recently a small destructor of the Har- 
rington type. 

THE FAR EAST. 
SiBOAPOBE (Straits Settlements). 
Two destructors have been erected here by Messrs. Garlick & 
Christenson of Bombay, a four-cell plant at Jalan Besar, and two 
ceUs at Tanjong Pagar. 
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Shanghai (China). 

At present the whole of the refuse is removed by wsLta, thr 
bulk of the material being used for manurial purposes. 

It is, however, anticipated that destructors will be installed 
within the next few yeare, and in view of this the following tabk, 
showing the component parts of Shanghai refuse for a, whole year, 
will doubtless be of interest (see page 367). 
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chapter XX 

CONCLUDING REMARKS 
The Dbstructoe Chimney 

WITH the introduction of forced draught and liigh tem- 
perature working it was at once evident that higt 
chimneys would not be required. Firstly, because the use of 
artificial draught under the grates would permit of high rates ai 
combustion being reached ; and secondly, because the gml 
increase in the combustion temperature ensured the dischai^ge td 
inoffensive gases from the chimney. 

Needless to add, the highest chimneys ever erected could not 
effect the same result as has been produced by means of the fan 
or steam jet blower, and it is no exaggeration to state that unda 
modern conditions a high chimney is a waste of money. To er«rt 
a high chimney in connection with a good modern destructor i; 
superfluous. Owing to the unnecessarily high velocity of the 
gases with such chimneys there is a constant danger of discharging 
dust, and so in many cases where the layman insists upon a higb 
cliimney being erected, he does his level best to produce that vm 
nuisance which he is most anxious to avoid. 

Fifteen years ago when the use of liigh chimneys was strongly 
advocated, nuisance was frequent, and fully as much annoyance 
was caused then by the discharge of dust as by the emission of 
offensive gases. A high chimney was at that time necessary- for 
purposes of draught production ; now ample draught is secund 
independently of the chimney. Offensive gases were then rigbU; 
discharged at a high altitude ; now under high temperatore 
conditions offensive gases are not Uberated into the atmosphere. 
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The high velocity necessary under the old conditions is now 
no longer required ; actual experience bos dictated the necessity 
for ensuring a low velocity, both in the flues and the chimney, 
and it has been demonstrated again and again that under modern 
conditions low chinmeys can be used, being absolutely void of 
offence either from escaping fumes or dust. 

In modem practice it is found that a chimney of reasonable 
height having ample area fulfils all requirements, and many such 
chimneys have been erected amid such surroundings as permit of 
no nuisance whatever. 

The reader will have noted in the tabulated information that 
in the case of some few towns high chimneys have been erected 
within recent years. In most cases the explanation will be found 
in the fact that coal fired boilers are also in use. For instance, 
at a combined destructor and electricity works this is so, and 
it should not be forgotten that at a works of this kind the chimney 
has to be built of sufficient capacity to admit of additional coal 
fired boilers being installed as required over a number of years. 

In other cases sentimental reasons explain why a high 
chimney was erected, and, as already observed, many of those 
who have clamoured for the high chimney will yet be disillusioned 
when they notice the presence of duet. 

It is unnecessary to further discuss the chimney question here ; 
the low chimney has been severely tested and has not been found 
wanting. It has come to stay, and in itself it furnishes most con- 
clusive evidence as to the excellence of the modern destructor. 

The Retention of Dust. 
, As the result of a month's test at Nelson, Mr. J. A. Priestley 
was able to show that the weight of the dust produced amounts 
to no less than 5 per cent, by weight of the actual quantity of 
refuse charged into the destructor cell, and it may be assumed 
that this is a fair average. 

Being desirous of ascertaining exactly where the dust had been 

deposited and what proportions of the total quantity had been 

deposited at certain points, the destructor was cooled down at 

the end of a month's continuous run, the dust then being carefully 
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removed and weighed. The result is seen in the fcJlowEi 
statement — 

T01V8 fwt. qr. 

Fused dust from combustion cluuiitHT . 
Fused dust from bridge, and roof of furnace 
Dust from centro fluea of boiler . 
DuBt from under boiler, i.e. flame bed . 
IXist from side flues of boiler 
DuBt from pit under regenerator . 
Dust from main flue .... 



Total 30 IC 

These figures are of more than passing interest to the student 
clearly showing as they do exactly where the dust was dcpositai 
At Nelson the combustion chamber is placed at right angles i 
the cell as seen in fig. 24, and it should be observed that the pv- 
portion of dust removed from the cells and combustion chamber 
amounted to rather more than two-thirds of the total quantilt 
It should also be noted that this proportion was fused. T\as a 
an important point ; dust will only thus fuse by expofiure li 
constant high temperature, and fused dust is immovable, i.e. 1! 
dust deposited in such a position that it fuses cannot then travt^ ■ 
further. 

Ordinary dry dust accumulating at any point is constanth 
disturbed by the current of the gases, but once fuse the accmuu- 
lation and it becomes stationary. The large proportion tA das 
deposited in the combustion chamber further serves to ««■ 
clusively prove the efficiency of the combustion chamber a» > 
dust catcher. 

Assuming that no combustion chamber were provided, it most 
be obvious that a very lai^e proportion of the dust would U 
deposited in the centre flues, side flues and flame bed of the b(»ler: 
the inevitable effect must be that the heating surface of the boiler 
would be covered, and in the result the steam raising efficiency' 
of the plant would be seriously reduced. 

It must be admitted that it is of great importance to secofv 

the deposit of the bulk of the. dust between the cells aad the 

boiler, and not only for ensuring the efficient working of the 

boiler. There is another and a powerful reason why the deponl 
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f dust should be definitely secured at an early stage in its travel : 
o do so is to limit the risk. A certain amount of dust must be 
■>roduced ; if two-thirds of the total quantity can be trapped 
mmediately upon leaving the cell, the balance to be deposited is 
lot a serious quantity, and it has a loi^ way to travel before it 
3an possibly escape. 

In the foregoing statement it will be observed that only a very 
small proportion of the dust was deposited in the internal and 
external flues of the boiler, and further that over one ton of dust 
was deposited in the pit under the regenerator ; this is so far 
satisfactory because only a comparatively small quantity remains 
for deposition in the main flue beyond. 

Every system with which a combustion chamber is provided 
next to the cell offers a primary location for dust, and it is impos- 
sible to over-estimate the importance of this. It should, however, 
be borne in mind that the position of the combustion chamber 
in relation to the cell or celts is a factor of importance, in so far 
as the efficiency of the combustion chamber is concerned. 

It is scarcely necessary to add that every destructor scheme 
should include definite means for securing the deposit of dust, 
and, as already observed, the earlier the dust is deposited the 
better. Under no circumstances may dust be permitted to 
escape from the chimney. However satisfactory a destructor 
may be in other resi>ect8, any discharge of dust is sufficiently 
serious to warrant the destructor being classed as a failure. 

It has ah-eady been pointed out that a low velocity of travel 
of the gases in the chimney is a desideratum ; this low velocity of 
travel is also of importancu in the flues, and to ensure the same 
the flues must be of ample area. So much can be done in this 
simple way towards ensuring the deposit of dust that the method 
has been termed " the common sen.se method." 

Dust traps in the flues have been frequently tried, but they 
are not often used in modern practice. We may define modern 
methods as follows : Firstly, the combustion chamber, which 
ensures the earliest possible deposit of dust ; and secondly, dust 
catchers or special dust collection chambers arranged at the 
chimney end of the main flue. 
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That the dust catchers and collection chambers secure t^' 
deposit of dust will not be questioned ; they are elTectin, mbl 
they answer the purpose for which they are erected. It aaax 
however, be remembered that a large proportion of dust must '.' 
deposited on the destructor side of the dust catcher — that is. zi 
the boiler flues and main flue. This, as already obserrcd. A 
avoided with the early dust catcher — the combustion cfasmba- 
and therefore this system of dust trapping must be the mcr 
eflicient of the two. 

The position of Horsfall's centrifugal dust catcher is iUa- 
trated in fig. 87. It has been highly successful in arreelEL 
dust, and has been extensively adopted, but owing to its posi>; 
it must be defined as a late dust catcher, being usually pl«<-'r.^ 
near to the chimney. 

This dust eateher consists of an outer annular chamber m 
an inner well. The gases enter the outer chamber and svz 
rapidly round it, thereby throwing off the suspended dust agao: 
the outer waU. The exit from the annular chamber is in tV 
upper part, leading into the inner chamber or well. Here tk 
gases have to pass downwards, and an outlet is provided net 
bottom leading to the chimney. Cleaning doors are providrt 
for removing the dust which accumulates in the pockets fonM< I 
at the bottom of each chamber. I 

As remarked aheady, the escape of dust from the chiouic^ I 
must be fatal to the record of any destructor, no matter Ik* 
satisfactory the plant may be in other respects. But it will '' 
observed that in the case of a well-designed installation the dt 
charge of dust can be absolutely prevented. 

Automatic Checking Accessories. 

In the case of a combined works it is advisable that emj 
possible check should be introduced with a view to maintaioiu 
the efficiency of the destructor. Constant tests should be ujkJit- 
taken for the purpose of ascertaining how the temperaton '» 
maintained under normal working conditions; the data t^ 
obtained will be found useful for determining the range o( 
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luctuation, and having reduced this to the minimum it should 
lot be allowed to serioualy vary. 

Seeing that so much depends upon the temperature, this is a 
nnatter of much importance ; nevertheless, but little has yet been 
done in this direction. 

The temperature dia^ams herein reproduced were obtained 
■with a Callendar's electrical recording pyrometer, and although 
the hot dust carried in suspension in the gases has proved 
to be troublesome by settling on the thermometer tube, yet 
very satisfactory results have been obtained with this instru- 
ment. 

Another valuable accessory which has been more extensively 
adopted is the constant steam pressure recorder, a most useful 
appliance and one which is sure to be even more largely adopted 
in the future. 

Every check of this kind upon the operations of the staff must 
be productive of good results. It is true that the workii^ man 
possesses no great love for any mechanical contrivance which 
" tells tales," and no doubt the relentless pen leaving its impress 
on the chart is apt to be exasperating at times ; but it affords a 
very necessary check upon the operation of the plant, and this is 
no more than those in authority are entitled to have. 

A further important check is the periodical testing or analysis 
of the gases. The importance of this has already been fully dis- 
cussed ; it has also been remarked that with but few installations 
has conclusive proof been thus furnished that the combustion is 
perfect, or at any rate as near perfect as possible. 

During the past few years, both in this country and on the 
Continent, the problem of combustion has been tackled in a more 
scientific maimer than ever before, and it is now generally recog- 
nized that the efficiency of combustion must be determined by 
the percentage of COj (carbon-dioxide) in the gases. 

Iri connection with the combustion of coal, this test is becoming 
increasingly popular because it pays to secure the highest attain- 
able efficiency. As it pays with,coal so will it pay in the com- 
bustion of refuse, and it should not be foi^otten that there are 
other reasons apart altogether from considerations of fuel 
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efficiency why the combustion process with the destructor shooH 
be above suspicion. 

My closing remarks shall be addressed to those who have t- 
make the choice of a destructor. To such the Author would mitf 
a few suggestions. 

It should be remembered that when destructor makers tr. 
tendering for the supply and erection of a destructor, each m^ 
is offering his own specialty. It is not a ca.se for compansfl 
with the aid of the quantity surveyor as to the relative cut* 
capacity of the cells, the number of rods of brickwork, or tonsil 
ironwork. The relative value of two entirely different destructoR 
cannot be ascertained in this way. 

Schemes and tenders can only be reasonably compared afw 
careful scrutiny by one competent to anaij-ae each scheme. wi4 
needless to add, such work should be undertaken by the permanHi' 
official — the ei^ineer and surveyor. 

Obvious as this must be, yet the energetic councillor wooW 
often take upon himself tlie task of choosing between varies 
schemes, and, frequently being devoid of technical knowledgf- 
he is to a serious extent influenced by the price — a factor irhwft 
while being of some importance, very often offers the loophole td 
the selection of an experimentary plant. 

Municipalities have no right to spend public money on expeii- 
mentary installations. It is clearly the duty of a municipality 
to make close investigation and to ensure the best possible in- 
vestment for the ratepayers. In the ca.se of destructors it will hat* 
been observed by the reader that not only are there many tjT**- 
greatly differing in design, but the difference in efficiency is often 
as marked as the difference in design. Again, there is a very wiif 
difference in the labour cost, the area of ground necessary fot 
erection, and th^ height of the chimney suggested. 

In a paper ' read at the Exeter Congress of the Royal Tnstitote 



' Recent Pmctiec in Refuse Digpoml and UliUsation Plant*. By Mr. 
Frank WatHon, Koynl Institute of Public Health, Exeter Crtnprws 
Aiigu-it. 1902. 
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of Public Health, last year, Mr. Prank Wataon clearly stated the 
case for the destructor maker, and his remarks, which are here 
quoted in exleneo, are worthy of careful perusal. 

It must be borne in mind that w)ien t^ndora arc invited for r«fuBe 
disposal plant eacii patented is offering )ii9 own Bpoeialty ; tho con- 
ditions are, therefore, totally different from t}ioso which obtain when 
an engineer or architect issues a set of drawings and quantities for a 
building, or a sewer, or a new road. It may easily happen that the firm 
which asks tlie highest price is giving much greater proportionate value 
than the firm whicli aska the lowest, and tliat, if the lowest tender be 
accepted, tlie contractor wiU make a greater profit tlian would the con- 
tractor who sends in the lijgliest tender, provided always that the con- 
tractor succeeds in fulfilling Iiis guarantoes and getting paid for his plant. 
It is a not uncommon error to suppose that the firm which offers the 
highest pecuniary penalty in case of failure is the most reliable. The 
inventor, liowever, is proverbially sanguine, and in attempting to intro- 
duce a new and untried scheme will usually agree to any conditions which 
may be proposed in order to get tfio scheme adopted, his faith in his own 
inventions being in inverse ratio to tiis experience of their results. Com- 
plicated mechanisms, designed to save labour, are frequently brought 
forward in connection with these plants. It should always be remem- 
bwed that the conditions under whicli a destructor works are all against 
the success of mechanical arrangements sitiiat«i within the furnace. 
Every appliance, whetlier for opening or closing doors, producing the 
necessary forced draught, or charging or elinkering the furnace, should 
be of the simplest and most direct character. An apparent economy is 
often entirely discounted by the cost of maintenance, and, what is still 
more serious, by the stoppage of the works during repairs. 

So many destructors are now in operation in this country, 
under such a variety of conditions, that it is possible for most 
intending purcha.sers to inspect quite a number of installations 
working under conditions practically the same as will obtain in 
their own case. Such are the installations to inspect and critic- 
ally compare. It is useless to attempt to get an adequate idea 
of what a two-cell plant would be by inspecting a ten-cell plant, 
nor is it reasonable to compare a plant erected fifteen years ago 
with one of a modern character. 

It may be fairly submitted that the best modern destructors 
are highly satisfactory, that they may be erected in the most 
central positions without fear of nuisance, that they fulfil their 
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primary object perfectly, and lastly, that a very useful amoont <i 
power can be produced. To utilize aucb power for the be: 
int«re8ts of the community should be the aim of those in authohtr. 
Wherever the available power will yield the best return for tk 
ratepayers there Bhould it be utilized. 
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